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ABSTRACT
The birds ofgrazed paddocks, early revegetation (less than three years in age), three to
seven year old revegetation, older revegetation (greater than seven years in age) and
remnant vegetation were surveyed over the course ofone year to determine whether
revegetation recovers avian biodiversity in agricultural landscapes. Habitat features that
were useful to the birds, and those that were missing from revegetation, were identified
in order to broaden the knowledge base offaunal use of farmland revegetation, and aid
in the devising ofsuccessful revegetation strategies.
Notable differences in the abundance and composition ofbirds were found between the
five vegetation classes studied. The bird communities advanced from paddock sites
through to remnant areas, with a pattern ofincreasing species richness and abundance.
Differences were found in the guild structure and microhabitat ultisation by birds ofthe
five vegetation classes. The birds recorded in paddocks and early revegetation were
characteristic ofopen areas. As the revegetation advanced, species with more specific
requirements became apparent. However, remnant vegetation attracted a suite ofspecies
not recorded in the other vegetation classes.
Many species that are known to have declined in range and/or abundance were recorded
utilising revegetation in this study. These results indicate that revegetation is a valuable
resource for declining species. Although it is likely that some ofthese species were not
resident in planted sites, revegetation provides foraging habitats and thus enlarges the
food resources available to many birds in agricultural landscapes. Specific
recommendations for future revegetation projects that resulted from this study include
the planting ofunderstorey shrubs, inclusion ofnest boxes and dead wood (such as logs)
into revegetation sites and the integration ofremnant vegetation into future plantings.
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Chapter One:
INTRODUCTION
Increasingly large areas ofland are being planted with deep-rooted perennial vegetation
throughout agricultural Australia (Hobbs 1993). This is in response to land and water
degradation following broad-area clearing (Saunders & Hobbs 1991 ). As degradation
noticeably impacts upon agricultural productivity (Hobbs & Saunders 1991; Lefroy et
al. 1993; Recher 1993; Robertson 1996; Thornburn 1996), the future of farming is
dependent on revegetation, which ensures the protection and restoration of agricultural
lands (Burke & Youl 1990; Hobbs 1993; Lefroy et al. 1993; Newbey 1999; Ryan 2000).
However, there are other benefits of revegetation including the conservation of native
flora and fauna (Hobbs & Saunders 1991; Lefroy et al. 1 993). While it is assumed
revegetation will encourage the return of the native wildlife by providing habitat-related
benefits such as food and shelter (Hobbs 1993; Ryan 2000), it is not clear how rapid the
return is or which species benefit (Kimber et al. 1999; Ryan 2000).
This study investigates the avifauna found within replanted vegetation on farms over the
course of one year and the value of these recently established areas as habitat for birds.
Although there is evidence showing that planting trees assists in lowering water tables
and slowing the rate of land and water salinisation (Morris & Thomson 1983), there is
little information on the utility of revegetation to wildlife (Hobbs 1993; Lefroy et al.
1993; Kimber et al. 1999). Of particular interest is whether these areas attract species
that are vulnerable to the effects ofland clearing rather than species that are commensal
with humans and adapted to farmland environments.
1.1 Habitat, birds and revegetation
All animals display a preference for habitats that provide food, shelter and other
materials required for survival, growth and reproduction (Brewer 1994). As the
fundamental basis ofhabitat is the vegetation, the floristic composition and structure of
the vegetation will dictate the fauna, including birds, able to utilise the area. Plant age is
also important, as structural complexity, including peeling bark, leaf litter, dead wood
and tree hollows, develops with plant maturation, encouraging a greater diversity of
birds and other animals by enlarging the food and nesting resources (Gilmore 1985;
Arnold 1988; Lambeck 1997; Kimber et al. 1999; Canterbury et al. 2000). Habitat
11
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selection also changes seasonally and between years in response to changing availability
and abundances of food and shelter (Recher 1 988). Given the mobility of birds and the
fact that Australia has many nomadic and migratory species, temporal changes in the
composition ofthe avifauna can be expected (Tierney & Morris 2002).
The woodlands and shrublands of much of southern Australia commonly exist only as
thin bands along roadsides, as isolated patches of remnant vegetation of variable size,
and as single trees scattered across the landscape (Reid & Landsberg 2000; Majer et al.
2001 ). In some regions, more than 90% of the original vegetation has been cleared for
agriculture (Saunders 1 989; Beard 1 990; Saunders & Ingram 1 995). The rapid,
synchronised and selective removal of the native vegetation over the last two centuries
has resulted in significant habitat loss and fragmentation, and environmental
degradation is now widespread (Ford et al. 2001 ). Terrestrial bird species throughout
Australia have declined by 30 to 90% since colonisation (Recher 1 999). However,
landclearing, and the consequential fragmentation of habitat into more or less isolated
patches, creates a whole suite ofpressures that are often more subtle and indirect (Ford
et al. 2001 ).

Despite their mobility, many birds will not cross open agricultural fields, thus limiting
populations to isolated remnant vegetation fragments (Abbott 1 978; Saunders & de
Rebeira 1 985; Brooker & Brooker 1 997). However, remnants need to be effective in the
maintenance of viable populations for the long-term persistence of the species (see
Saunders 1 989). In contrast, other birds find favourable conditions in the agricultural
landscape and have increased their distribution and abundances to abnormal proportions
(Recher & Lim 1 990; Saunders & Ingram 1 995; Newbey 1 999). Those species that have
increased exacerbate the pressure placed upon indigenous bush birds, which are already
competing with one another for limited food and habitat resources (Ford et al. 2001 ).
The loss and fragmentation of habitat, together with the proliferation of exotic and non
indigenous species, changed fire regimes and the degradation of habitats, severely
affects the bird species of agricultural areas (Andren 1 994; Recher 1 999; Ford et al.
2001 ). Many of Australia's woodland birds are declining, with populations, and even
entire avian communities, disappearing from remnant vegetation patches (Saunders
1 989; Recher 1 999). However, revegetation has the potential to allow these species to
recolonise their original range.
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Across Australia, there is widespread support for practices that aim to restore soil and
water quality. Local Landcare groups have formed throughout the country to develop
and implement revegetation plans and deal with degradation issues (Burke & Youl
1 990; Goss & Chatwood 1 993). Recently, further consideration has been given to the
protection of the system as a whole and all components of land management, including
soil, water, vegetation and fauna, are the focus of this community-based program (Soil
and Land Conservation Council 1 995). At present, the conservation of native fauna is
integrated with revegetation projects by using a variety of indigenous tree and shrub
species; planting larger blocks rather than narrow, linear strips; specifically placing
revegetation in areas to connect or enlarge pre-existing remnant vegetation; and keeping
the area free from livestock (Hobbs 1 993; Recher 1 993). These, in theory, enlarge the
food and habitat resources available, provide protection from predators and allow
species to disperse across the landscape (Majer et al. 2001 ). Although revegetation is
thought to be a step toward restoring the ecological integrity of agricultural systems
(Burke & Youl 1 990), more empirical data are needed to assess the conservation value
of these areas (Hobbs 1 993; Lefroy et al. 1 993; Ryan 2000). For example, it has been
suggested that revegetation aids the dispersal of exotic predators such as the European
Red Fox (Vulpes vulpes) or that it may be providing habitat only for human commensals
rather than helping declining species (Merriam & Saunders 1 993). Although it will take
some time before the more sensitive 'remnant-dependent' birds are able to utilise
revegetation, there is evidence showing that revegetation is a valuable resource to a
number of declining species (see Newbey 1 999). This is important not only from an
ethical or aesthetic point ofview, but also from a practical one.
The recovery of birds in agricultural areas would indicate that other elements of
biodiversity have also returned and the health and productivity of the environment is
improving (Recher 1 988; Catterall 1 991 ; Newbey 1 999). By dispersing seeds,
pollinating flowers, controlling insects and rodents and feeding on carrion, birds help to
preserve the ecological integrity of ecosystems (Youth 2002). However, no equilibrium
has been reached between agriculture and the native wildlife and accelerated rates of
extinction are expected, particularly among birds (Bennett & Ford 1 997; Recher & Lim
1 990). Recher (1 999) predicts the disappearance of half of Australia's terrestrial bird
species diversity within the next 100 years if present practices associated with
agriculture, and other land uses, continue. As the role revegetation plays in the recovery
of declining species and biodiversity is uncertain, it is necessary to determine how the
13

native fauna responds to revegetation. This would allow guidelines to be developed that
ensure successful design and implementation of farmland revegetation to assist nature
conservation goals. It is the intent of this thesis to contribute toward this body of
knowledge so that successful revegetation strategies for farms can be devised.
1.2 Thesis aims and content
The aim of this project was to determine how birds respond to farmland revegetation.
To examine this, the study focused on five classes of vegetation in the Goomalling
district of Western Australia: grazed paddocks, early revegetation ( aged between one
and three years), revegetation aged between three and seven years, older revegetation
(greater than seven years in age) and remnant bushland. The vegetation classes were
chosen as they represent the range of habitats available to birds in agricultural areas. At
one extreme lies remnant bushland, which, in areas that have been substantially cleared,
is important for avian conservation as it provides a range of resources needed for
survival and reproduction for many species (Morgan & Gates 1982). At the other
extreme lie grazed paddocks, areas that lack floristic and structural complexity, but
provide some nesting and foraging habitat for a few species of birds (Recher & Lim
1990). Revegetated sites fall somewhere between these two extremes, with their
structural complexity increasing with maturity (Kimber et al. 1999).
The first part of the study utilised bird surveys in the various habitats with the specific
aims of:
•

comparing the bird abundances, species richness, species composition, bird foraging
guilds and microhabitat utilisation of the farm habitats;

•

investigating the temporal dynamics of bird abundances, species richness, bird
foraging guilds and usage of habitats; and

•

producing an avian colonisation sequence for revegetation in the Goomalling district
of Westem Australia.

The second part of the study dealt with identifying the reasons why particular birds
were found in the particular vegetation classes. The specific aims of this part of the
study were to:
•

identify the landscape and habitat characteristics that account for the bird
communities present;

14
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•

identify the facets that are preventing regional avifauna from colonising planted
areas, particularly declining species; and

•

make recommendations that would allow replanted sites to attract species and
provide habitat for declining species.

Although the literature documenting the utility ofrevegetation to the wildlife is limited,
most use birds as the focus group (Ryan 2000). Chapter two presents these studies and
reviews the current knowledge ofbirds in planted vegetation on farmland. Chapter three
briefly describes the location, history and avifauna of the Western Australian wheatbelt
and the specific study region. This study examines the birds in various farm habitats and
determines why particular species were found in particular habitats. The methodology
chosen to accomplish this is described in the fourth chapter. The results are presented in
Chapter five and are discussed in Chapter six. The thesis ends with the major
conclusions of this research, recommendations for future revegetation and suggested
directions for further research.
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Chapter two:
THE RECOVERY OF BIRDS THROUGH REVEGETATION
2.1 Revegetation as habitat
Although the study of the use of revegetation by fauna in Australia is relatively new,
there is much overseas research in this area (Ryan 2000). One major difference is that
these studies often take place in linear plantings such as windbreaks and shelterbelts,
which are often considered too narrow to be useful to conservation due to the high edge
to-interior ratio (Simberloff & Cox 1987). However, in some areas of the world,
revegetation has had decades, or even centuries, to develop. For example, the planting
of hedgerows in Britain approximately 1000 years ago (Hooper 1970), two-million
hectares of shelterbelts planted in the former Soviet Union during the eighteenth century
(Shroeder & Kort 1989) and the planting of tens of thousands of kilometres of linear
vegetation on the Great Plains of the U.S.A during the 1930/40's (Baer 1989). These
provide important areas of wildlife habitat that contribute to conservation, and are often
recognised as integral parts of the landscape (Merriam & Saunders 1993).
Areas of revegetation provide access to food in adjacent fields, cover from predators,
nesting sites, foraging habitats and corridors for movements for a number of bird
species across the world (Kimber et al. 1999). However, still only a small group of birds
(farmland, forest edge and generalist species) use these sites (Kimber et al. 1999) and
some researchers have argued that revegetation can only ever be sub-optimal habitats
for birds (Murton & Westwood 1974; Forman & Baudry 1984). Even so, revegetation
does increase the diversity of birds in adjacent farmland. The species richness and
abundance of birds in these linear habitats is related to the site dimensions and structure;
associated habitats such as wide grassy margins; and the surrounding land use (Kimber

et al. 1999). Although there have been numerous overseas studies of birds in
revegetation including the influence of vegetation structure (Arnold 1983; Osbourne
1984; MacDonald & Johnson 1996); the use by migratory and breeding birds (Dixon et

al. 1995); and the seasonal variations in bird communities (Yahner 1983), there has
been little analysis of their conservation value compared to larger, block plantings, or
reserves (Kimber et al. 1999).
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2.2 The use of revegetation by birds in Australia

In southern Australia there have been widespread declines in the avifauna due to
landclearing and associated fragmentation of the native vegetation (Saunders & Ingram
1 995). Populations become divided into sub-populations through isolation, and species
that seem to move freely through the landscape may in fact have increased mortality
(Ford et al. 2001 ). Other species have difficulty dispersing. There are edge-effects,
degradation, loss of nest sites, increased predation, increased inter-specific competition,
disease, parasitism, dieback ofeucalypts, loss ofunderstorey and loss of food resources,
all of which may contribute to the decline of birds in agricultural areas of Australia
(Ford et al. 2001 ). But the major reason is habitat loss and fragmentation (Saunders &
Ingram 1 995). It has been suggested that revegetation could benefit biodiversity
recovery and conservation in agricultural areas (Hobbs 1 993; Lambeck 1 997). However,
at present, the benefits ofrevegetation to the native wildlife are not certain (Ryan 2000).
Australian studies have shown that four inter-related factors affect the diversity and
abundance of birds in revegetation: the age of the plants; the structural complexity and
vegetation density; the floristic diversity; and the season (Kimber et al. 1 999). The age
of the plantings is linked with structural complexity. As the revegetation matures, the
vegetation structure develops and bird species diversity increases (Biddiscombe 1 985;
Ryan 1 993 cited in Ryan 2000). Increased structural complexity (that is, the vertical and
horizontal arrangement ofthe vegetation) and vegetation density provide more complex,
diverse and abundant food, nesting and habitat resources, encouraging a greater
diversity of bird species to the area (Gilmore 1 985; Wiens 1 989). The variety of plant
species used (floristic diversity) determines the resources available year-round or at
specific times of the year, thus the particular guilds of bird species (see Loyn 1985;
Recher 1 985). For example, nectarivores and frugivores rely on flowers, nuts and/or
seeds of particular plant species, so will only utilise revegetation if their needs are met
(Gilmore 1 985; Terbough 1 985). Seasonal events such as migration and the flowering
of eucalypts have been associated with fluctuations in the composition of bird
communities in revegetation (Biddiscombe 1 985; Ryan 1 993 cited in Ryan 2000).
Species may not be residents, but they are able to locate, and thus utilise, revegetation at
particular times ofthe year.
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Three Australian studies have shown that plant age is an important factor determining
the bird communities of revegetation: Biddiscombe (1985) documented the avifauna of
revegetated farm sites in the southwest of Australia over a seven-year period from the
time of planting; Ryan (1 993 cited in Ryan 2000) recorded the birds in linear plantings
and remnant bushland of northern Victoria seasonally for one year; and the habitat
values of revegetation for birds in the NSW Southern Tablelands were assessed by
N.Taws (pers. com.). Bird species diversity and abundance were found to increase with
plant age in all three studies. In addition, woodland bird species richness depended on
the width of the site and the structural complexity of the habitat (N. Taws pers. com.).
However, high seasonal fluctuations in bird community compositions were also noted
(Biddiscombe 1 985; Ryan 1 993 cited in Ryan 2000).
Farmland revegetation is an important resource for many birds. Although most species
recorded are regarded as 'generalists' (Ryan 2000), some declining species do make use
of revegetated areas. The Birds on Farms Survey studied birds in a variety of farm
habitats, including revegetation (Newbey 1 999; Barrett & Davidson 2000). The Western
Australian surveys found 64 declining species utilising revegetated sites (Newbey
1 999). Majer et al. (2001 ) investigated the arthropods and birds ofroadside revegetation
in Northam, Western Australia. Over half of the bird species recorded in the winter
survey have declined since European settlement. Fifteen declining woodland species
were also recorded using revegetation in the NSW study (N. Taws pers. com.). A total
of 1 6 declining species, including six 'priority' species (species that may be lost from
remnant fragments) were recorded in revegetation and alley farming areas of a
revegetation project in Tammin, Western Australia, indicating the value of these areas
in conserving some bird species within agricultural lands (Gole 2002).
Although some declining species utilise revegetation, many do not. An ecological
assessment of revegetated areas near Monarto, South Australia, showed that a number
ofspecies found in nearby remnant vegetation, but not in plantings, had specific habitat
requirements that were not provided by revegetation (Paton 2000). However, in many
cases, these requirements will develop in time, for example, decorticating bark and tree
hollows. Most studies indicate the value of farmland revegetation in the recovery of
birds, as it increases both the species richness and abundances of the area when
compared to farmland (Paton 2000). The exception is a study of the birds and mammals
of planted windbreaks in northern Queensland (Crome et al. 1 994). Of the 37 species
18

recorded in these habitats, only two were rainforest dependent, despite the occurrence of
other rainforest-dependent species in nearby remnant vegetation. Crome et al. (1994)
concluded that, given the choice, remnant vegetation should be conserved in preference
to re-creating habitat.
Revegetated areas are somewhat similar to the remnant vegetation of southern Australia
in that they are generally small in size, surrounded by farmland and frequently isolated.
Revegetation is also affected by the same problems as remnant areas, such as edge
effects and degradation. It is therefore not surprising that the fauna of revegetated sites
is comparable to that of adjacent degraded remnants (Biddiscombe 1985; Ryan 1993
cited in Ryan 2000). However, through revegetation, issues such as isolation, fragment
size, loss of nest sites, food and understorey, and predation and competition can be
directly addressed.
The faunal use of remnant fragments can give insights into the ways revegetation may
aid biodiversity conservation in agricultural areas. Studies of birds in remnant
vegetation have shown that isolation and the size of the habitat are other important
factors influencing bird communities in agricultural environments and, if habitat loss is
greater than 70%, these two factors will increasingly influence population size (Andren
1994). Furthermore, predictive models reveal the risk of population extinction increases
when approximately 80% of the habitat is lost (Fahrig 1997). Aside from the Monarto
revegetation, which was 1680 hectares in total area (Paton 2000), most revegetated sites
examined were relatively small (0.5-l Oha). A relationship between habitat size of
remnant fragments and the number of species has been shown in many studies, with
smaller areas supporting fewer species than larger ones (Ambuel & Temple 1983;
Lynch & Whigham 1984; Loyn 1985; Freemark & Merriam 1986; Blake & Karr 1987;
Bolger et al. 1991). In addition, heterogeneity within remnant fragments can restrict
population sizes to correspond with the actual area of suitable habitat for the particular
species (patch size) (Arnold & Weeldenburg 1998). Smaller revegetation is unable to
encompass

heterogeneity

across

environmental

gradients,

making

plantings

homogenous areas, even though a variety of plant species are used.
In order to maintain their numbers and range, birds must disperse. Thus immigration
could be vital in preventing population extinctions (Brown & Kodric-Brown 1977).
However, in agricultural lands, dispersal means crossing large, open areas in order to
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reach new, suitable habitat, and often over much greater distances than they would ifthe
vegetation was continuous (Brooker & Brooker 1 997). Many small, remnant-dependent
bird species occur only as isolated populations as they will not move into open habitats
(Brooker et al. 1 999; Recher 1 999). These populations are more susceptible to
extinction through disease or environmental factors such as weather and fire (Brooker &
Brooker 1 997) and may benefit from vegetation corridors to connect remnant fragments
(Merriam & Saunders 1 993; Brooker & Brooker 1 997). The planting of vegetation
corridors can assist in the dispersal of birds. Newbey (1 999) indicated the value of
roadside revegetation in the dispersal of red-capped robins and splendid fairy wrens,
and the general movement ofgrey fantails and brown honeyeaters across the landscape.
These areas were also important breeding habitats for a number of species including
brown honeyeaters, red-capped robins and western warblers (Newbey 1 999). As
dispersal, and thus colonisation, is reduced in agricultural areas, it is important to
consider the placement ofrevegetation in order to allow species to successfully colonise
the area, or use as a connection to remnant vegetation fragments. The mobility of birds
gives them the opportunity to exploit new habitats, providing that the new habitat offers
something that the bird needs. The study of faunal use of remnant vegetation patches
has implications for the use ofrevegetation as habitat (Kimber et al. 1 999; Ryan 2000).
These will need to be considered when planning and designing revegetation in
fragmented landscapes.
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Chapter three:
THE STUDY AREA AND ITS AVIFAUNA
3.1 Introduction
The last two centuries ofdevelopment have left approximately halfofAustralia in need
of ecological restoration (Graetz & Wilson 1 995). The consequences of land clearing
and settlement to the native wildlife are extensive and complex, often resulting in local,
regional or national extinctions (Recher & Lim 1 990). Disease, exploitation and
competition with non-indigenous and exotic species are just some of the cumulative
pressures associated with reduced habitat and food availability. What remains of the
native vegetation is degraded by a range of factors including livestock grazing, soil
compaction, weed invasion and agricultural chemicals. Rising salt and water levels and
erosion, repercussions of land clearing, also jeopardise the survival of the remaining
vegetation on which the fauna depend. Changes to the avifauna are evident in the
decline of many Australian bird species and the extreme increases in abundance of
others, which is just as indicative ofan ecosystem out ofbalance as the declines (Recher
1 999, 2002). Nowhere are land clearing, degradation and associated fauna! declines
more evident than in Western Australia's wheatbelt.
3.2 The Western Australian wbeatbelt
The Western Australian wheatbelt lies within the southwest area of the state that
receives an average ofbetween 300 and 600mm ofrainfall annually (Saunders & Curry
1 990; Saunders & Ingram 1 995; Fig. 3.1 ). The 1 6-million hectare area is a classic
example demonstrating the way in which land clearing for agriculture has occurred
throughout much ofsouthern Australia.
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Fig. 3. 1 (a) Map of Australia. (b) Map of Western Australia showing the 300 and
600mm rainfall isohyets that define the Western Australian wheatbelt and the location
of the study area (Goomalling) in relation to Perth.
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Prior to European settlement, the wheatbelt contained a unique arrangement offloral
communities (Beard & Sprenger 1 984; Saunders 1 989; Beard 1 990). During the mid
nineteenth century, settlement began in the region. However, it wasn't until the late
nineteenth century that major development started to take place (Saunders & Ingram
1 995). Although landclearing was a slow process initially, by 1 968 almost 1 30 000km2
ofnative vegetation was gone and replaced with crops and pastures (Saunders 1 989;
Saunders & Curry 1 990). More land was cleared in the region after 1 9 45 than in the
previous 1 00 years and less than 1 0% ofthe original vegetation remains (Hobbs &
Saunders 1 993; Saunders & Ingram 1 995). The preferential clearing ofwoodlands,
which grew on heavier soils believed to be choice agricultural land, resulted in the loss
ofapproximately 97% ofthe original York Gum (Eucalyptus loxophleba)/ wandoo (E.
wandoo)/ salmon gum (E. salmonophloia) woodlands (Beard & Sprenger 1 984).

Approximately 1 .8-million hectares ofland are now salt affected, and this is expected to
increase to 3-million hectares by 201 0-201 5 (Ferdowsian et al. 1 996). Although only
two bird species are extinct in the region (Thick-billed grass wren Amytornis textilis and
the Gilberts whistler Pachycephala inornata), forty-nine percent ofthe 195 bird species
documented in the area since European settlement have decreased in range and/or
abundance, while 17% have increased, including invaders from the drier northeast and
introduced species (Saunders and Ingram 1 995).
\

Birds are not the only group to be affected by agriculture. Three hundred and forty eight
plant species are rare and endangered (Hopper et al. 1 990) and 24 species are believed
extinct (Leigh et al. 1 984). Approximately one third of the native mammals (excluding
bats) are extinct in the wheatbelt and less than one third were common during the
1 970's (Kitchener et al. 1 980). With such great proportions of declines and extinctions,
efforts must be made to protect the remaining native plants and animals and reverse
declines, while allowing for continued agricultural production (Hobbs & Hopkins
1 990).
3.3 The Goomalling district of Western Australia

The Shire of Goomalling is located in the centre of Western Australia's wheatbelt (Fig.
3.1 ). Although the first pastoral lease was granted in 1 853, it wasn't until 1 903 that a
townsite was declared (Sewell 1 999). Between 1 890 and 1 900, the population increased
four-fold, mainly due to the influx of travellers heading east in search of gold, and
increased demand for food, and chaff for horses, saw the transformation of forest lands
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into fields of wheat (Sewell 1 999). By mid- 1 905, all forested land within a 25-mile
radius of Goomalling had been purchased by farmers and pastoralists. Only the poorest
sand plains remained (Sewell 1 999). By 196 1 , 9 1 % of the shire was landholdings, of
which 77% was cleared (Sewell 1 999). As the availability of land lessened,
intensification began. Today only 5.4% of the Goomalling shire is covered by remnant
bushland (V. Malcolm pers. com.).
Increases in salt levels in creeks and rivers were evident since the mid- 1 940's (Sewell
1 999). However, it wasn't until much later that community concern for the conservation
of soil became widespread. After being named one of the top three salt affected shires of
the state, farmers banded together to develop strategies to rehabilitate degraded land
(Sewell 1 999). In 1 989 the Goomalling Land Conservation District was gazetted and the
region was divided into seven catchment groups. Since then, trees and salt tolerant
shrubs have been planted along major waterways and 600km of roadside vegetation has
been surveyed (Sewell 1 999). In its first seven years, the Gabby Quoi Quoi catchment
group planted over 300 000 trees, more than 100 000 saltbush and fodder seedlings,
revegetated about 50km of creeks, erected 1 50km of fencing and revegetated almost
500ha of saltland (Sewell 1 999).
Between 1 998 and 2000, bird surveys were conducted in a number of remnant
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vegetation patches throughout the central wheatbelt, including the Shire of Goomalling,
in order to identify species that could be used as ' focal species' (see Lambeck 1997) for
the Greening Australia Western Australia Living Landscapes Project (Brooker et al.
200 1). During Spring 2002, additional surveys were conducted in 83 remnant sites in
and around the shire to enhance and enlarge the previous data (Gole 2002). Results from
the Gabby Quoi Quoi sub-catchment (Fig. 4. 1) identify a total of 25 'priority ' species
(species that may be lost from a remnant patch) and 20 'remnant-dependent' species of
the 92 bird species recorded. These baseline data were used as a comparison to the bird
data collected in this study.
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Chapter four:
METHODS
4.1 Introduction
The principal aims ofthis study were to compare the avian communities ofseveral farm
habitats; determine the landscape and habitat characteristics that accounted for the bird
assemblages found; identify the attributes of revegetation that were benefiting the
avifauna; identify habitat characteristics that were missing from revegetation, but are
known to be of importance to birds; and investigate the temporal dynamics of bird
usage of the habitats. Although no baseline studies exist from which the methodology
could be replicated, the approach used was based upon that utilised in other studies of
bird communities found in farm habitats, including revegetation.
4.2 Study sites
Five classes of vegetation were selected for study: mature (remnant vegetation), older
revegetation (greater than seven years in age), revegetation aged between three and
seven years, early revegetation (less than three years) and grazed paddocks.
Revegetation was classified into these age groups as older plantings (greater than 15
years in age, for example) are rare in the region and typically occur as narrow rows ofa
single species (pers. obs.). Due to the practical constraints of distance, time and travel,
for each class only three sites were chosen, giving a total of 1 5 sites. Sites were selected
on the following criteria:
• Were greater than two hectares in size;
•

Contained a mixture ofnative plant species;

• Were free from disturbance for a period oftime and fenced to exclude livestock;
•

Were separated by a minimum of 50m;

•

Were located within the Shire of Goomalling; and

•

Were managed by a cooperative landowner.

Sites locations are shown in Figure 4.1.
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Fig. 4.1 Map ofthe Shire of Goomalling showing locations ofstudy sites. Study sites
prefixed by : P= paddock; RVl = <3 year old revegetation; RV2= 3-7 year old
revegetation; RV3= >7 year old revegetation; RM= remnant vegetation.
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Survey area

A two-hectare plot was marked within each of the 15 sites. Within the revegetated sites
and paddocks, the two-hectare plot did not encompass any remnant vegetation. Plots
were a minimum of 1 km apart. This minimised the chance of recording the same
individual birds in two or more plots.
4.3 Census procedures
4. 3. 1 Selection of method

The study utilised the Area Search method developed by Loyn (1 986). Loyn concluded
that searches lasting 20 minutes were needed to detect all bird species in an area up to
three hectares in size. The advantages of using this technique include the simplicity of
the method, which allows a large number of plots to be surveyed, and its usefulness at
detecting uncommon and cryptic species (Recher 1 988).
The Area Search has been used for various bird surveys including those for the National
Atlas of Australian Birds (Barrett 1998), where searches lasting 20 minutes were
conducted in two-hectare plots. In a parallel study, the Canberra Ornithologists Group
conformed to these methods when surveying the avifauna of revegetation in northern
ACT and adjacent parts of NSW (N. Taws pers. com.). Using the same procedures
facilitates the comparison oftrends.
4. 3.2 Application of method

The Area Search method involves an intensive search of a pre-defined area for a set
period oftime. Initial bird surveys lasting one-hour were conducted to ascertain the time
needed to detect all birds within the two-hectare plot and the number of repeat surveys
each season from winter 2002 to autumn 2003 (based on the normal Australian climatic
divisions). From these results, it was determined that three 30-minute surveys per
season were required. Each 30-minute search was divided into six five-minute blocks,
enabling comparisons to be made with studies utilising 20-minute searches. As time of
day is important, particularly as it affects temperature and hence avian activity
(O'Connor & Hicks 1980; Pyke & Recher 1986; Ratkowsky & Ratkowsky 1979), sites
were censused in the morning. Each of the three seasonal surveys at each site were
completed at a different time to account for the effect oftime ofday.
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For each survey, the site was approached on foot to minimise disturbance. Each plot
was searched for all birds by walking slowly through the area. No set route was used.
All birds seen or heard within the plot were recorded. Identification was made using
visual and auditory clues with reference to Simpson & Day (1 998) where necessary. To
be recorded, birds needed to have been within the three-dimensional area bounded by
the ground, canopy top and plot boundaries. Birds flying above the canopy were noted
but not included in the data set. One exception was raptors (birds of prey). These were
recorded if they were actively hunting or searching for prey above the two-hectare plot
(ie circling or hovering).
Details recorded include the species, sex, number of individuals, position in the habitat
and the birds' activity (for example, flying, stationary, feeding). Although no specific
searches for nests were carried out, notes were made of signs of breeding including
nests, nest building, carrying food and the presence ofyoung.

-�

4. 3. 3 Microhabitat utilisation

In order to identify the use of habitat by birds ( species and individuals), microhabitats
were examined by recording the first position of each bird observed. This involved
visually dividing the vegetation into three horizontal layers and estimating the birds
position as lower (LOW), mid (MID), or upper third (UP). The plant species on which
the bird occurred was noted, as were food sources such as flowers or fruit. Other
descriptors used were FL (flying), GR (on ground), DT (dead tree), OR (on rock), IG (in
grass), SHR (on shrub) and LG (on log).

.,,

All observations were made between sunrise and midday. At each plot, the date, time,
temperature, cloud cover and winds were recorded. Surveys were not conducted if
temperatures were above 27 °C or below 4°C, nor were they conducted during rain or
strong winds.
4. 3.4 Status andforaging guilds

In order to determine whether declining species were benefiting from revegetation, bird
species were classed as 'status one', 'status two', or 'status three', depending on the
change in distribution and abundance the species has undergone since European
settlement of the Western Australian wheatbelt (Table 4.1). These were based on
Newbey (1999), who adapted these classifications from Saunders & Ingram (1995).
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Each bird species was categorised into one or more foraging guilds, based on the
foraging habit(s) of the species (see Recher & Davis 1998; Recher & Davis 2002).
Guilds used were ground foragers, foliage foragers, aerial foragers, bark foragers and
nectar foragers.

Table 4.1 Changes in distribution and/or abundance ofstatus one, two and three species
ofthe Western Australian wheatbelt.

Status

Change in distribution
and/or abundance
since European settlement

one
two
three

increased
no change/ not enough data
decreased

4.4 Vegetation sampling

At each plot, a rough sketch was made of the key vegetation types and features of the
area. The dominant species of each vegetation association were noted. A rating was
compiled for weeds in total and the heterogeneity of the vegetation (clumping) {Table
4.2).
Structural diversity was measured by rating seven key features on a scale of 0-3 {Table
4.3). A habitat complexity score was derived using a method modified by
Freudenberger (1 999) from one described by Catling and Burt (1 995). This method
totals the score of six key habitat features to give an overall habitat complexity score
{Table 4.3). The greater the score, the more complex the habitat (see Appendix 1 for
sample data sheet).
The point-quarter method ofCottam and Curtis (1 956) was used to describe the trees of
each plot. From a central point, the adjacent area was divided into four quadrants and
the distance to, and height of, the nearest tree in each quadrant was measured. Samples
were completed at two points in each plot, giving a total ofeight measurements for each
variable. Foliage height diversity was measured by recording the number of times the
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vegetation touched a vertical pole at height intervals of 0-0.3m, 0.3-l m, 1-2m, 2-3m and
3-5m at 20 points in each plot. The Shannon-Wiener diversity index was then used to
calculate foliage height diversity (after MacArthur & MacArthur 1961 ).
Floristic diversity was measured using a 1 Om by 1Om quadrat. Ground herbage was not
counted, but a rating for the area covered by native herbage, as opposed to weeds, was
recorded (0= 0- 10% cover; 1= 10- 40% cover; 2= 40-70% cover; 3= >70% cover). Only
one quadrat was used to ascertain the floristic diversity of revegetation and paddock
sites, due to the uniformity of the vegetation. Three quadrats were used in remnant sites.
For each quadrant, the number of plant species and their abundances were recorded.

Table 4.2 Measurements used to describe the amount of weeds and clumping at each
plot.
·11

Scale

Weeds

Clumping

�
1

0
1
2
3
5

almost no weeds
<5%
5-9%
1 0- 1 9%
20-50%
>50%

111

no clumping
minimal clumping
some clumping
strong clumping
highly clumped
NIA
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Table 4. 3 The seven habitat features used to describe the structural diversity of the
habitat (* denotes features used to derive habitat complexity score).

Score

0
1
2
3

Tree canopy*;
tall shrub/short tree (2-4m)*;
short shrub (<2m)*

Bare ground;
logs/rocks*; litter layer*;
ground herbage*

O-I0% cover
1 0-20% cover
20-50% cover
>50% cover

O- I0% cover
I0-40% cover
40-70% cover
>70% cover

4.5 Landscape features
Aerial photographs were used in order to determine the landscape features that may
have a bearing on the bird communities ofeach site. For each revegetation and paddock
site, the distance to the nearest remnant bushland area of at least 1Oha in size was
measured. The connectivity of these sites was gauged by determining from aerial
photographs any vegetation corridors connecting the site to this, or any other 1Oha or
greater remnant patch. Other features of the landscape, such as lakes and streams,
surrounding the site, were noted.
4.6 Selection, description and measurement of variables
Variables have been selected to enable a comparison between the five vegetation
classes, and individual sites, according to birds and to allow relationships with habitat
variables and/or landscape features to be found (Table 4.4; Table 4.5). Each of the
independent variables has been shown to have some effect on bird communities of
planted habitats (Yahner 1 982; Osbourne 1984). As there are no baseline studies of
birds in revegetation in the Goomalling district, it is justifiable to measure a large
number ofvariables in order to identify those that may be important.
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Table 4.4 Bird variables measured for study.
BIRD VARIABLES:
Variable

Unit/scale

Means of measurement

Total abundance

Number

Richness

Number

Abundance of guilds

Number

Diversity

Index

Microhabitat utilisation

Number

Total number of individuals
found in each plot, each season.
Total number of species in
each plot, each season.
Pooled counts of individuals
from each feeding guild for each
season within each vegetation class.
Exponential form of the Shannon
Wiener diversity index.
Number of species and individuals
using specific microhabitats in
each vegetation class.

Table 4.5 Habitat and landscape variables measured for study.
HABITAT AND LANDSCAPE VARIABLES:
Unit/scale Means of measurement
Variable
Tree distance
Tree height
Weed rating
Habitat heterogeneity
Habitat complexity score
Bare ground rating
Foliage height diversity index
Native herbage rating
Abundance
Richness
Diversity -H'
Distance to nearest remnant
Connectivity
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Average distance to nearest tree in each
quarter, taken from a central point.
m
Average height of nearest tree in each
quarter, taken from a central point.
O= almost no weeds; l = <5%; 2= 5-9%;
l to 5
3= 1 0- 1 9%; 4= 20-50%; 5= >50%.
O= no clumping; l = minimal clumping; 2 = some
l to 4
clumping; 3= strong clumping; 4= highly clumped
Total score of six key habitat features.
Number
O= 0- 10% cover; l = 1 0-40% cover;
0 to 3
2= 40-70% cover; 3= >70% cover.
Shannon-Wiener diversity index for the
Number
number of foliage touches in each height interval.
O= 0- 1 0%; I= 1 0- 40%; 2= 40 -70%;
0 to 3
3= >70%
Number of individual trees and shrubs
Number
in each l Om x l Om quadrat.
Number
of species in each
Number
1 0m x l Om quadrat.
Shannon-Wiener diversity index.
Index
Measured from aerial photographs.
m
Present/abs Determined from aerial photographs.
ent
m
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4.6 Data analysis

Hierarchical Cluster Analysis was used to determine the similarities between avian
assemblages at the 15 study sites. Clusters were based on presence/absence data in order
to minimise data variability and enable broad patterns to be established (Fisher 2001 ).
Clusters were formed using the squared Euclidean distance measure for these binary
data, and hierarchical agglomeration or Ward's method (Norusis 1994) in the SPSS
statistical package. Bird species diversity was calculated using the exponential form of
the Shannon-Wiener function (MacArthur 1 965), as this is sensitive to the abundances
ofthe rare species in the community (Peet 1974 cited in Krebs 1989).
The differences in the number of birds (species and individuals) in the five vegetation
classes were assessed using non-parametric ANOVA (Kruskal-Wallis test), as
preliminary data screening, using a variety of data transformations, indicated that the
assumptions of normality and homogeneity ofvariances were violated (Coakes & Steed
1996). Seasonal effects on bird species richness and abundance within the vegetation
classes were also tested with this method.
Non-metric multidimensional scaling (nMDS) analyses were conducted usmg the
PRIMER (Plymouth Routines in Multivariate Ecology Research) statistical package
(Clarke & Warwick 1994). As no birds were recorded in paddock site Pl during
summer, it was necessary to remove these data prior to the analysis. The total
abundance calculated for each species in each site were double-root transformed prior to
the construction of a similarity matrix using the Bray-Curtis coefficient (Clarke &
Gorley 2001). The Bray-Curtis coefficient is regarded as the most robust and
appropriate measure for ecological species abundance analysis (Clarke & Warwick
1 994). Ordination plots were produced from these matrices to provide a visual
representation of the patterns of similarity amongst the sites each season. Points that
were close together represent samples that are similar in composition, while points
further apart represent less similar assemblages (Clarke & Gorley 2001).
Two-way crossed Analysis of Similarities (ANOSIM) was used to determine whether
there was a significant difference in the species composition among vegetation classes
and seasons (Clarke & Warwick 1 994). The differences in the composition of status
one, status two and status three species, as well as differences in foraging guilds, among
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vegetation classes and seasons also utilised ANOSIMs. Where a significant difference
occurred between vegetation classes, a SIMPER analysis was conducted to identify the
bird species that contributed most to the possible dissimilarity between those habitats.
This exploratory analysis calculates the average dissimilarity between all pairs of
grouped samples and identifies the separate contributions made by each species (Clarke
& Warwick 1994).
Microhabitat data for the vegetation classes were combined for the sampling seasons of
winter/spring 2002 and summer/autumn 2003. Chi-square analyses were conducted to
test whether the frequency of responses by birds (species and individuals) differed
across microhabitat categories (Coakes & Steed 1996). When the number of species was
considered, the small number of observations necessitated the combining of categories
into canopy (UP, MID), understorey (LOW, DT, SHR) and other (GR, FL, OR, IG,
LG). For the analysis of microhabitat utilisation by individuals, which included more
observations, the levels were treated separately.
Habitat data were analysed using non-parametric ANOVA (Kruskal-Wallis test) to
determine the differences in habitat variables across the five vegetation classes, as
preliminary data screening indicated that the assumptions of normality and homogeneity
of variances were violated (Coakes & Steed 1996). Correlations were conducted using
Spearman's rank correlation coefficient, between bird and habitat data for each of the
fifteen study sites to determine relationships between bird variables (species richness,
abundance, and diversity), and habitat variables (tree height, tree distance, distance to
nearest remnant, foliage height diversity, plant species diversity and abundance, habitat
complexity and heterogeneity, and the amount of bare ground, weeds and native
herbage) each season. Correlations were also conducted between the abundance of
foraging guilds (ground, foliage, aerial, bark and nectar) and habitat variables.
Biota-Environment matching using step algorithm (BVSTEP) was conducted using the
PRIMER statistical package (Clarke & Warwick 1 994) for the seasonal bird community
data. BVSTEP selects the environmental variables that best explain community
patterns, by maximising a rank correlation between their respective similarity matrices
(Clarke & Gorley 2001).
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Chapter five:
RESULTS
5.1 Bird communities of five farm habitats
5. 1 . 1 Species composition and diversity

A total of 45 bird species was recorded across the five vegetation classes over the one
year of surveying including 19 'status one' birds, seven 'status two' and 19 'status
three' birds (Appendix 2). Older revegetation (RV3) held the greatest number of
species, with 31 of the 45 species represented. This was followed by remnant vegetation
with 29 species. Paddocks had the fewest species with only 14 species recorded. Forty
of the 45 species were recorded in revegetation. The galah (see appendix 3 for Latin
species names) was the most abundant species in paddocks, representing 37.23% of the
individual birds recorded at these sites over the year. The most abundant species found
in early revegetation (RVl) was the white-fronted chat, which comprised 1 7.46% of the
total number of individuals. Yellow-rumped thornbill was the most abundant species in
three to seven year old revegetation (RV2; 14.62%), while the weebill had the greatest
abundances in older revegetation and remnant bushland, representing 22.1% and
15.22% of the individuals recorded at these sites, respectively (Table 5.1). Three species
were found across all vegetation classes, while 13 species were confined to one
particular vegetation class (Table 5.2). However, eight of these species were recorded
on only one occasion. Table 5.3 details the bird species found only in one vegetation
class or across all of the classes when species recorded on only one occasion are
removed. In addition, the white fronted chat and brown honeyeater were recorded only
in revegetated sites. The pied butcherbird only occurred in paddock and early
revegetation sites and grey fantail, grey shrike-thrush, brown-headed honeyeater, rufous
whistler and white-browed babbler were recorded only in older revegetation (>7 years
old) and remnant sites. The number of bird species and individuals recorded at each
study site over the study period are listed in Table 5.4.

35

;1
I,
I

·I
:1

,,

'I
1,

Table 5.1 Percentage composition ofspecies recorded in paddocks, early revegetation,
three to seven year old revegetation, older revegetation (greater than seven years in age)
and remnant vegetation in the Shire ofGoomalling between winter 2002 and autumn
2003.
Paddock
Common name {status}
Australian magpie ( 1)
Australian magpie lark ( 1)
Australian raven ( 1)
Banded plover (2)
Black-faced cuckoo shrike (2)
Black-faced woodswallow ( 1)
Black-shouldered kite ( 1)
Brown honeyeater (3)
Brown song lark (2)
Brown-headed honeyeater (3)
Chestnut-rumped thombill (3)
Common bronzewing (3)
Crested pigeon ( 1)
Elegant parrot ( 1)
Galah (1)
Grey butcherbird (3)
Grey fantail (2)
Grey shrike thrush (3)
Horsfield's bronze cuckoo (3)
Long-billed corella ( 1)
Mountain duck ( 1)
Mulga parrot ( 1)
Nankeen kestrel (3)
Pallid cuckoo (2)
Pied butcherbird ( 1)
Port Lincoln parrot ( 1)
Red-capped robin (3)
Richard's pipit (1)
Rufous whistler (3)
Silvereye (3)
Singing honeyeater ( 1)
Spiny-cheeked honeyeater ( 1)
Striated pardalote (3)
Stubble quail ( 1)
Wedge-tailed eagle (2)
Weebill (3)
Western warbler (3)
White-browed babbler (3)
White-cheeked honeyeater (3)
White-fronted chat (1)
White-winged fairy wren (2)
White-winged triller (3)
Willie wagtail ( 1 )
Yellow-rumped thombill (3)
Yellow-throated miner {1}
Number of species = 45

0.75
6.02
7.53
2.26

Remnant
Older
3-7 year old
Early
Revegetation revegetation revegetation bushland

3.46
4.67

4.59

4.09

0.25
1 .99
1 .74

0. 14
0.42
0. 14

0.44
0.53
2. 12

0.5
1 .77
0.25
4.01
1 .5

0.28

0.88
0.97

6. 1 8
1 .45

3.76

4.61

2.27

37.23

15.68

6.01

2.38
0.28
2. 1

0.5
0.25

0.85
1.1 1

22.04
1 .5 1
0.75
6.78
4.52

1 . 15
1 .73
0.58
0.58
0.58
16.89
9.33

4.09
0.75

1.51

0.58
9.33

17.46
4.61

14

0.58
18

0.28

1 .68
12.83
0.6 1
1 .67
10.26
0.7
3 .01
2.03

0. 14

0.53
0.35
1 . 14

0.14
1 0.25
8.98

0.7 1
8.77
8.3 1

1.11
0.28
4.35
0.42
4.49

2.56

,.
•\

0.25
1 3.85
5.78
2.52
8.52
0.5
3.78
1
0.25
1 3.85
0.75
5.78
1
3.76
14.62
3.01
28

0. 14
22.06
1 .82
7. 1 7
0.14
0.28
3.65
3.79
14.6
0.56
31

0.79
0.35
2.75
1 5.22
1.51
7. 1 7

1 .49
1 0.44
0. 1 7
29
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Table 5.2 Species that were found across all vegetation classes or only in one specific
class in the Shire of Goomalling between winter 2002 and autumn 2003 (* indicates
species recorded on only one occasion).
Common name

Vegetation class

Banded plover*

paddock only

Horsfield's bronze cuckoo*

<3 year old revegetation only

Black-shouldered kite*

3-7 year old revegetation only

Stubble quail*

3-7 year old revegetation only

White-winged triller

3-7 year old revegetation only

White-cheeked honeyeater*

>7 year old revegetation only

Elegant parrot*

>7 year old revegetation only

Silvereye*

>7 year old revegetation only

Common bronzewing

remnant only

Chestnut-rumped thombill

remnant only

Grey butcherbird

remnant only

Mountain duck*

remnant only

Crested pigeon

all vegetation classes

Raven

all vegetation classes

Galah

all vegetation classes

Table 5.3 Species that were found across all vegetation classes or only in one specific
class (after removal of species recorded on only one occasion) in the Shire of
Goomalling between winter 2002 and autumn 2003.
Common name

Vegetation class

White-winged triller

3-7 year old revegetation only

White-winged wren

>7 year old revegetation only

Australian magpie

remnant only

Common bronzewing

remnant only

Chestnut-rumped thombill

remnant only

Grey butcherbird

remnant only

Mulga parrot

remnant only

Crested pigeon

all vegetation classes

Galah

all vegetation classes

37

Table 5. 4 The mean number of bird species and individuals recorded at each study site
in the Shire of Goomalling between winter 2002 and autumn 2003.

Mean number Mean number
Study site

Vegetation class

of species

of individuals

Total

per season

per season

species

± SE

± SE

Pl

Paddock

2.50 ± 2.38

3.33 ± 4.33

5

P2

Paddock

4.25 ± 0.96

5.41 ± 3.47

11

P3

Paddock

3.25 ± 2.06

2.25 ± 1 .67

8

RV la

<3 year old revegetation

2.50 ± 1 .00

4. 1 6 ± 3.01

8

RVlb

<3 year old revegetation

4.00 ± 1 .41

4.25 ± 1 .29

8

RVlc

<3 year old revegetation

4.50 ± 1.73

5.91 ± 4.03

9

RV2a

3-7 year old revegetation

7.25 ± 1 .71

8.33 ± 0.86

17

RV2b

3-7 year old revegetation

9.25 ± 1.26

14.59 ± 3.35

19

RV2c

3-7 year old revegetation

9.25 ± 3 .40

10.16 ± 4.97

18

RV3a

>7 year old revegetation

1 1 .25 ± 0.96

2 1 .33 ± 4.77

17

RV3b

>7 year old revegetation

8.50 ± 0.58

1 1 .42 ± 2.64

12

RV3c

>7 year old revegetation

1 3.5 ± 2.08

27.58 ± 1 .02

21

RMl

Remnant vegetation

12.0 ± 0.82

26.4 1 ± 3.86

17

RM2

Remnant vegetation

14.0 ± 3.27

29.91 ± 3.52

21

RM3

Remnant vegetation

17.0 ± 3.09

37.9 1 ± 12.92

23

I
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Hierarchical Cluster Analysis of the fifteen study sites, based on the bird species
recorded at each site, produced three groupings (Fig 5 . 1 ) . All paddock and early
revegetation sites clustered together, as did all remnant vegetation sites. Older
revegetation site RV3c clustered with the remnant sites, while RV3a and RV3b formed
a cluster with the three to seven year old revegetation. Paddocks and early revegetation
were more similar to the three to seven year old revegetation and older revegetation
(excluding site RV3c) in terms of avifauna, than to remnant vegetation and site RV3c
(Fig 5. 1).
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Fig. 5. 1

Hierarchical Cluster Analysis of the fifteen study sites based upon

presence/absence data for bird species recorded from winter 2002 to autumn 2003 in the
Goomalling shire. 1 = P l ; 2= P2; 3= P3; 4= RVl a; 5 = RVl b; 6 = RVl c; 7= RV2a
8= RV2b; 9= RV2c; 1 0= RV3a; 1 1 = RV3b; 1 2= RV3c; 1 3= RM I ; 14= RM2; 1 5 =RM3.
Sites prefixed by: P= paddock; RVl = early revegetation (<3 year old); RV2= 3-7 year
old revegetation; RV3= older revegetation (>7 years old); RM= remnant vegetation.
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Patterns of species diversity were similar to the clusters produced through Hierarchical
Cluster Analysis, in that the individual sites that clustered together have similar species
diversities (Fig. 5.2). There was particularly low diversity in the paddock and early
revegetation sites, although site P3 had relatively high diversity during winter. Diversity
increased across the vegetation classes, although the diversity of site RV3c was greater
than that of remnant site one (Fig. 5.2). Diversity was greatest during autumn in 3 to 7
year old revegetation and during spring in remnant sites. No species were recorded in
site P l during summer.
5. 1.2 Species richness and abundance of birds
There was a significant difference in the mean number of bird species recorded in the
five vegetation classes (Kruskal-Wallis test: y;= 1 7.50, d.f.= 4, p= 0.002). No
significant difference in the mean number of bird species recorded in each vegetation
class over the four sample seasons was detected (Table 5.5). Paddocks contained fewer
species than revegetation and remnant bushland (Fig. 5.3). Although not statistically
significant, fewer species were recorded during the summer months (Fig. 5.3). The only
site demonstrating significant seasonal fluctuations in bird species richness was remnant
site two (Kruskal- Wallis test: y;= 8.792, d.f.= 3, p= 0.032). It is also evident from
Figure 5.3 that the number of declining species increased across the vegetation
categories with paddocks containing few, if any, status three species. The number of
status one species remained relatively constant in each class ofvegetation.
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Fig. 5.2 The species diversity of birds at each study site in the Shire of Goomalling
during winter 2002, spring 2002, summer 2003 and autumn 2003.
Sites prefixed with: P= paddock; RVl= early revegetation (<3 years old); RV2= 3-7
year old revegetation; RV3= older revegetation (>7 years old); RM= remnant
vegetation.
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Table 5.5 Statistical results of Kruskal-Wallis tests conducted on the five vegetation
classes to determine the effect of season on species richness and abundance of birds in
the Shire of Goomalling between winter 2002 and autumn 2003.

Kruskal-Wallis Test:
Vegetation class

Dependent

Chi-Square

Df

Significance

Variable
Paddock

species richness

6.284

3

0.099

Paddock

Abundance

2.663

3

0.447

<3yo revegetation

species richness

4.328

3

0.228

<3yo revegetation

Abundance

3.41

3

0.333

3-7yo revegetation

species richness

5.46

3

0. 1 4 1

3-7yo revegetation

Abundance

3.7 1 8

3

0.294

>7yo revegetation

species richness

1 .586

3

0.663

>7yo revegetation

Abundance

0.436

3

0.933

,,

Remnant

species richness

3 .278

3

0.35 1

!

Remnant

Abundance

3.82 1

3

0.281
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Fig. 5.3 Species richness of birds recorded in paddocks, revegetation <3 years old
(RVl ), 3-7 year old revegetation (RV2), revegetation >7 years old (RV3) and remnant
vegetation between winter 2002 and autumn 2003 in the Goomalling shire and the
proportion ofstatus 1, 2 and 3 species represented each season.
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Similar to species richness, there was a significant difference in the mean abundance of
birds recorded in each vegetation class (Kruskal-Wallis test: x2= 1 7.600, d.f. = 4, p=
0.001 ). No significant difference was found in the mean abundance ofbirds recorded in
each vegetation class over the four seasons (Table 5.5). An increase in the mean
abundance of birds across the vegetation classes was evident (Fig. 5. 4). Like species
richness, paddocks had fewer birds than all other vegetation classes. Remnant bushland
had the greatest mean abundance ofbirds throughout the year (Fig 5. 4).
5. 1. 3 Ordinations, Analysis of Similarities and SIMPER analysis

The nMDS plot of species abundance data collected from each vegetation class
examined indicated that each of the five classes forms relatively discrete groups (Fig.
5.5). ANOSIM confirmed that species composition differed between vegetation classes
(R-stat= 0.436, p<0.001 ) but not between seasons (R-stat= -0.025, p= 0.623). Pair-wise
comparisons revealed that species composition did not differ between paddock and
early revegetation, early revegetation and 3-7 year old revegetation, or between 3-7 year
old revegetation and older revegetation. Comparisons of the species composition of
older revegetation and remnant vegetation showed a significant difference (Table 5.6).
Table 5.6

Statistical results of pa1r-w1se compansons conducted for species

composition of birds surveyed in grazed paddocks, early revegetation (<3 years old), 37 year old revegetation, older revegetation (>7 years old) and remnant vegetation of the
Goomalling shire between winter 2002 and autumn 2003. Shaded boxes indicate
significant results (p<0.05).
R-statistic

Significance level

Paddock vs early revegetation

0.032

0.397

Paddock vs 3-7 year old revegetation

0.759

0.001

Paddock vs older revegetation

0.8 1 9

0.001

Paddock vs remnant vegetation

0. 769

0.001

Early revegetation vs 3- 7 year old revegetation

0. 1 25

0. 145

Early revegetation vs older revegetation

0.3 1 5

0.006

Early revegetation vs remnant vegetation

0.352

0.003

3- 7 year old revegetation vs older revegetation

0. 1 1 1

0. 1 38

3- 7 year old revegetation vs remnant vegetation

0.74 1

0.001

Older revegetation vs remnant vegetation

0.749

0.001
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Fig. 5.4

Mean abundance (+S.E.) of birds recorded in paddocks, <3 year old

revegetation (RVl), 3-7 year old revegetation (RV2), >7 year old revegetation (RV3)
and remnant vegetation between winter 2002 and autumn 2003 in the Goomalling shire.
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revegetation, revegetation aged between three and seven years, older revegetation and
remnant bushland surveyed between winter 2002 and autumn 2003 within the Shire of
Goomalling.
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SIMPER indicated that the average dissimilarity and dissimilarity/standard deviation
ratio for older revegetation versus remnant vegetation was greatest for the chestnut
rumped thombill, galah, white-browed babbler and brown honeyeater (Table 5.6). The
grey butcherbird and chestnut-rumped thombill were diagnostic of remnant vegetation
and the brown honeyeater and white-winged wren were diagnostic ofolder revegetation.
Table 5.7 SIMPER results showing dissimilarity of bird species recorded in older
revegetation (>7 years old) and remnant vegetation between winter 2002 and autumn
2003 in the Shire ofGoomalling.
Average abundance
Av. Diss.

Diss/SD

Contribution

Older

Remnant

revegetation

vegetation

0

12.08

5.01

6.08

9.4

Galah

1 .25

9.67

3 .67

2. 12

6.9

White-browed babbler

4.25

6.75

2.78

1.18

5.22

Brown honeyeater

4. 17

0

2.72

1 .34

5.1

Rufous whistler

0.67

2.42

2.43

1 .5

4.57

Singing honeyeater

2.92

0.75

2.42

1 .64

4.55

Grey fantail

0.5

2.83

2.3 1

1 .2 1

4.34

Yellow-rumped thombill

8.67

9.83

2. 16

1 .0 1

4.06

Grey shrike-thrush

0.67

1 .92

2.08

1 .25

3.9

Willie wagtail

3.17

1 .42

2.01

1 .08

3.77

Chestnut-rumped thombill

(%)

Two-way crossed Analysis of Similarities revealed a significant difference in the
composition of 'status three', 'status two' and 'status one' species across the vegetation
classes (status one: R-stat= 2.81, p<0.001; status two: R-stat= 0.275, p= 0.02; status
three : R-stat= 0.531 , p< 0.001) but not between seasons (status one: R-stat= -0.161, p=
0.994; status two: R-stat= 0.081, p=0.28; status three: R-stat= 0.1 36, p= 0.06). Pair-wise
tests revealed that the composition of 'status one' species did not differ significantly
between paddock and early revegetation, early revegetation and 3-7 year old
revegetation, 3-7 year old revegetation and older revegetation, nor between early
revegetation and remnant vegetation (Table 5.8). No significant differences in the
composition of 'status two' species were found through pair-wise comparisons of the
vegetation classes and the composition of 'status three' species did not differ
significantly between early revegetation and 3-7 year old revegetation (Table 5.8).
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Table 5.8 Statistical results of pair-wise comparisons conducted for the composition of
status 1 , status 2 and status 3 species in grazed paddocks, early revegetation (<3 years
old), 3-7 year old revegetation, older revegetation (>7 years old) and remnant vegetation
of the Shire of Goomalling between winter 2002 and autumn 2003. Shaded boxes
indicate significant results (p<0.05).
R- statistic

Significance
Level

Status one

paddock vs early revegetation

0.01 4

0.468

paddock vs 3-7 year old revegetation

0.639

0.001

paddock vs older revegetation

0.792

0.001

paddock vs remnant vegetation

0.5 1 9

0.001

early revegetation vs 3-7 year old revegetation

-0.028

0.582

early revegetation vs older revegetation

0.222

0.022

early revegetation vs remnant vegetation

0.074

0.207

3-7 year old revegetation vs older revegetation

0.014

0.43

3-7 year old revegetation vs remnant vegetation

0.255

0.05

older revegetation vs remnant vegetation

0.472

0.001

paddock vs early revegetation
paddock vs 3-7 year old revegetation

Status two

Status three

-0.5
0.493

0. 167

paddock vs older revegetation

0

paddock vs remnant vegetation

0.667

0. 125

early revegetation vs 3-7 year old revegetation

0.25

0.333

early revegetation vs older revegetation

0

early revegetation vs remnant vegetation

0.75

0. 1

3-7 year old revegetation vs older revegetation

0. 137

0.422

3-7 year old revegetation vs remnant vegetation

0. 1 77

0.255

older revegetation vs remnant vegetation

0.306

0. 1 1 3

early revegetation vs 3- 7 year old revegetation

0.483

0.094

early revegetation vs older revegetation

0.7

0.0 13

early revegetation vs remnant vegetation

0.901

0.006

3-7 year old revegetation vs older revegetation

0. 1 94

0.01 5

3-7 year old revegetation vs remnant vegetation

0.62

0.001

older revegetation vs remnant vegetation

0.657

0.001
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SIMPER revealed that over 50% of the dissimilarity in the composition of status one
species found in older revegetation and remnant vegetation was attributed to the galah,
singing honeyeater, willie wagtail and raven. The galah and raven had greater mean
abundances in remnant vegetation, and the singing honeyeater and willie wagtail were
more common in older revegetation. The red-capped robin, brown honeyeater, yellow
rumped thombill and striated pardalote accounted for over 50% of the dissimilarity in
the composition of status one species found in three to seven year old revegetation and
older revegetation. Each of these species had greater mean abundances in older
revegetation. More than 50% of the dissimilarity in status three species found in older
revegetation and remnant bushland was attributed to the chestnut-rumped thombill,
white-browed babbler, rufous whistler and yellow-rumped thombill. The chestnut
rumped thombill was diagnostic ofremnant vegetation, while the brown honeyeater was
diagnostic ofolder revegetation. The white-browed babbler, rufous whistler and yellow
rumped thombill had greater mean abundances in remnant vegetation.
5. 1. 4 Foraging guilds

The majority of individuals recorded throughout the study were ground foragers (Fig.
5.6). Foliage foragers were the next abundant foraging guild. Throughout the study,
only ground foragers were recorded in paddocks. Bark foragers were not present in
early revegetation and three to seven year old revegetation, except in autumn where
bark foragers were present in three to seven year revegetation. Nectar foragers were
present only in winter and spring in early revegetation, but were present year round in
other vegetation, excluding paddocks (Fig. 5.6).
Analysis of Similarity revealed no significant seasonal differences in the abundance of
any of the foraging guilds between vegetation classes (Ground: R-stat= -0. 1 22, p=
0.957; Foliage: R-stat= 0.029, p=0.361; Aerial: R-stat= 0.056, p= 0.26; Bark : R-stat=
0.027, p=0.404; Nectar: R-stat= 0.099, p= 0.174). A significant difference in the
communities of ground foragers between vegetation classes was revealed (R-stat=
0. 401, p<0.01 ) and there was a significant difference in the foliage and aerial foragers of
revegetation and remnant vegetation (Foliage: R-stat= 0.529, p<0.01 ; Aerial : R-stat=
0.422, p<0.01 ). There was no significant difference in the community of bark foragers
recorded in revegetation aged between three and seven years, older revegetation and
remnant bushland (R-stat= 0.102, p= 0.286). The communities of nectar foragers found
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in revegetation and remnant vegetation were significantly different (R-stat= 0.525,
p<0.01 ).
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Fig 5.6 The proportion of individual birds recorded in each foraging guild in paddocks,
revegetation and remnant vegetation in the Shire of Goomalling from winter 2002 to
autumn 2003. Guilds are not mutually exclusive.
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Pair-wise comparisons revealed no significant differences in the communities ofground
foragers found in paddocks and early revegetation (R-stat= 0.005, p=0. 489); early
revegetation and three to seven year old revegetation (R-stat= -0.01 4, p= 0.527); and
three to seven year old revegetation and older revegetation (R-stat= 0.1 2, p= 0. 1 93).
There was no significant difference in the foliage foragers of three to seven year old
revegetation and older revegetation (R-stat= -0.1 1 1 , p= 0.94). There was no significant
difference in the aerial foragers found in early revegetation and three to seven year old
revegetation (R-stat= -0.079, p= 0.583) or between three to seven year old revegetation
and older revegetation (R-stat= 0.1 1 1, p= 0.276). The composition of nectar foragers
did not differ significantly between early revegetation and three to seven year old
revegetation (R-stat= 1 .00, p= 0.083); early revegetation and older revegetation (R-stat=
1 .00, p= 0.063); and early revegetation and remnant vegetation (R-stat= 0.25, p= 0.556).
5. 1. 5 Microhabitat utilisation

The small number of birds recorded in summer/autumn at paddock sites precluded
statistical analysis. However, in winter/spring there was no significant difference
between microhabitats in terms of the number of species (x2= 3.556, d.f. = 1 , p= 0.059;
Fig. 5. 7). At early revegetation sites, more bird species were observed within the 'other'
category than in the 'canopy' or 'understorey' microhabitat categories, a pattern
consistent throughout the year (winter/spring: x2= 1 3.5, d.f. = 1 , p= 0.000;
summer/autumn:

i=

9.333, d.f. = 2, p= 0.009; Fig. 5. 7). In three to seven year old

revegetation during summer/autumn, few species were recorded in the 'understorey'
microhabitat category (x2= 1 5.887, d.f. = 2, p= 0.000) and an almost significant
difference between microhabitat categories in terms of the number of bird species
observed in winter/spring was found (x2= 5. 778, d.f.= 2, p= 0.056). The number of
species using the microhabitat categories did not differ significantly in older
revegetation throughout the year (winter/spring: x2= 0. 463, d.f. = 2, p= 0. 793;

i= 2.771, d.f.= 2, p= 0.250), a result repeated at remnant vegetation
sites (winter/spring: x2= 3.983, d.f. = 2, p= 0.136; summer/autumn: x2= 3.000, d.f. = 2,

summer/autumn:

p= 0.223; Fig. 5.7).
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Fig. 5.7 Microhabitat utilisation by bird species in paddocks, revegetation and remnant
vegetation of the Shire of Goomalling between winter 2002 and autumn 2003. Data for
each replicate site were combined for winter/spring and summer/autumn.
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As with microhabitat utilisation by species, at paddock sites, the small number of birds
recorded precluded statistical analysis of the utilisation of microhabitats by individuals
during summer/autumn. During winter/spring, significantly more individual birds were
recorded on the ground than in other microhabitat categories (x2= 53.123, d.f. = 2, p=
0.000; Fig. 5.8). Significant differences in the use ofmicrohabitat categories, in terms of
the number of individual birds observed, were apparent in all vegetation classes in all
seasons (Fig. 5.8). At early revegetation sites, most birds were observed on the ground
in winter/spring and summer/autumn (winter/spring: x2= 67.108, d.f. = 1, p= 0.000;
summer/autumn: x2= 49.92l d.f. = 4, p= 0.000). In three to seven year old revegetation,
most birds were observed on the ground, flying and utilising the mid third of the
vegetation (Fig. 8), significantly more than in the lower third of the vegetation or on
shrubs (winter/spring: x2= 73.497, d.f. = 6, p= 0.000; summer/autumn: x2= 97.667, d.f. =
5, p= 0.000). The number of individuals recorded in the upper third of the vegetation in
older revegetation rose from 41 individuals during winter/spring to 11 6 individuals in
summer/autumn and the number of individuals utilising the mid third of the vegetation
almost halved from winter/spring to summer/autumn (Fig. 5.8). In remnant vegetation,
the number of individuals recorded on the ground in winter/spring declined from 85 to
25 in summer/autumn (Fig. 5.8).
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Fig. 5 .8 Microhabitat utilisation by individual birds in paddocks, revegetation and
remnant bushland of the Goomalling shire between winter 2002 and autumn 2003.
GR= ground; FL= flying; OR= on rock; IG= in grass; MID = mid third of vegetation;
LOW= lower third of vegetation; SHR= shrub ; UP= upper third of vegetation; DT =
dead tree; LG = log. Data for each replicate site were combined for winter/spring (W/Sp)
and summer/autumn (Su/A).
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5.2 Habitat data
Nonparametric ANOVA (Kruskal-Wallis Test) revealed that tree height, tree distance,
the amount of bare ground, foliage height diversity, the amount of native herbage, the
distance to the nearest remnant, habitat heterogeneity and habitat complexity of the five
vegetation classes differed significantly (Table 5.9). There was no significant difference
in the amount of weeds found in the vegetation classes.
Table 5.9

Statistical results of Kruskal-Wallis tests conducted to determine the

differences in habitat variables between vegetation classes studied in the Shire of
Goomalling. Shaded boxes indicate significant results (p<0.05).
Chi-square
Habitat variables

value

Df

Significance

tree height

1 3 .329

4

0.01

tree distance

1 3.597

4

0.009

amount of weeds

8.926

4

0.063

amount of bare ground

1 1 .879

4

O.Q 1 8

foliage height diversity

1 3 . 1 27

4

0.0 1 1

amount of native herbage

1 2.206

4

0.0 1 6

distance to the nearest remnant

1 0.035

4

0.04

habitat heterogeneity

1 0.826

4

0.029

habitat complexity

1 3 .039

4

0.0 1 1

Mean tree height increased across the vegetation classes (Fig. 5.9) as did the distance to
the nearest tree (Fig. 5.10). The trees of revegetation sites were much denser than the
trees found in remnant vegetation. In addition, trees were planted closer together in
younger revegetation. Paddocks had the greatest amount of bare ground and remnant
vegetation had the least (Fig. 5.11). Foliage height diversity increased across the
vegetation classes, although foliage height diversity of three to seven year old
revegetation (RV2) and older revegetation (RV3) were very similar (Fig. 5.12). Habitat
complexity increased across the five vegetation classes, with paddocks being the least
complex areas (Fig. 5.13).
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over seven years (RV3) and remnant vegetation in the Shire of Goomalling. No trees
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Dead wood, such as logs, dead trees and branches, were absent from all revegetation
and paddock sites, but were plentiful in remnant vegetation. There was an abundance of
native wildflowers during the spring in all remnant sites and one older revegetation site
(RV3b). The absence ofunderstorey shrubs was noticeable in all revegetation sites.
5.3 Interactions between bird and habitat data

There was a large number of significant correlations between bird and habitat variables
(Tables 5.1 0, 5.1 1 , 5.12, 5.13). Bird species richness, abundance and diversity was
positively correlated with tree height, tree distance, foliage height diversity, cover of
native herbs, clumping and habitat complexity in each season and negatively correlated
with the amount of bare ground, weeds and the distance to the nearest remnant. The
exception was between clumping and the abundance of birds in winter, where there was
no significant correlation. There were no significant correlations between bird variables
and plant species richness or plant abundance in each season (Tables 5. 10, 5.1 1 , 5. 1 2,
5.1 3).
Table 5.1 0 Correlations (r) between winter bird species richness, abundance and
diversity and habitat variables (Spearman's rank correlation coefficients). Shaded boxes
indicate significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

BIRD VARIABLE
Abundance
Species
Richness
r

0.87
0.88
-0.53
-0.74
0.82
-0.70
0.53
0.85
0.04
0. 19
0.85

p
0
0
0.04
0.002
0
0.003
0.042
0
0.89
0.5
0

r
0.81
0.82
-0.63
-0.56
0.77
-0.63
0.47
0.83
0.16
0.37
0.83

Diversity

p
0
0
O.Ql 1
0.028
0.001
0.01 2
0.075
0
0.555
0. 163
0

r
0.86
0.87
-0.56
-0.79
0.83
-0.72
0.54
0.84
-0.03
0.21
0.86

p
0
0
0.03
0
0
0.002
0.036
0
0.893
0.44
0
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Table 5.11 Correlations (r) between spring bird species richness, abundance and
diversity and habitat variables (Spearrnan's rank correlation coefficients). Shaded boxes
indicate significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

BIRD VARIABLE
Species
Richness

r
0.85
0.87
-0.65
-0.72
0.87
-0.72
0.55
0.84
0.02
0.3 1
0.87

p
0
0
0.008
0.002
0
0.002
0.03 1
0
0.939
0.256
0

Abundance

r
0.85
0.86
-0.59
-0.7
0.85
-0.65
0.56
0.80
-0. 1 6
0.20
0.80

Diversity

p
0
0
0.01 8
0.004
0
0.009
0.029
0
0.57
0.468
0

r
0.90
0.90
-0.71
-0.75
0.89
-0.77
0.67
0.88
0.09
0.39
0.88

p
0
0
0.003
0.001
0
0.00 1
0.005
0
0.74
0. 141
0

Table 5.12 Correlations (r)between summer bird species richness, abundance and
diversity and habitat variables (Spearrnan's rank correlation coefficients). Shaded boxes
indicate significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

BIRD VARIABLE
Species
Abundance
Richness

r
0.92
0.92
-0.68
-0.74
0.86
-0.73
0.70
0.9 1
0.0 1
0.33
0.90

p
0
0
0.005
0.002
0
0.002
0.004
0
0.987
0.23
0

r
0.88
0.86
-0.65
-0.72
0.79
-0.65
0.68
0.88
-0.04
0.32
0.83

Diversity

p
0
0
0.008
0.002
0
0.008
0.005
0
0.878
0.234
0

r
0.92
0.92
-0.74
-0.74
0.93
-0.80
0.73
0.88
0.07
0.40
0.87

p
0
0
0.002
0.00 1
0
0
0.002
0
0.789
0. 135
0

60

Table 5 .13 Correlations (r) between autumn bird species richness, abundance and
diversity and habitat variables (Spearman 's rank correlation coefficients). Shaded boxes
indicate significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

BIRD VARIABLE
Abundance
Species
Richness
r
0.85
0.86
-0.65
-0.77
0.83
-0.78
0.66
0.88
0.22
0.42
0.92

p

0
0
0.008
0.00 1
0
0.001
0.007
0
0.423
0. 1 19
0

r
0.99
0.92
-0.72
-0.76
0.82
-0.73
0.7 1
0.95
0. 1 8
0.42
0.96

Diversity

p

0
0
0.002
0.00 1
0
0.002
0.003
0
0.507
0. 1 1 1
0

r
0.83
0.84
-0.71
-0.75
0.83
-0.78
-0.77
0.87
0.30
0.48
0.90

p

0
0.001
0.003
0.001
0.001
0.00 1
0.002
0
0.273
0.07
0

The abundance of ground, foliage, aerial and bark foragers showed significant
correlations with tree height, tree distance, foliage height diversity, native herb cover,
clumping and habitat complexity, and negative relationships with the amount of bare
ground and weeds, and the distance to the nearest remnant (Tables 5.14 and 5.15). The
abundance of nectar foragers was correlated with foliage height diversity and the
distance to the nearest remnant (negative relationship) (Table 5 .15). No relationships
between plant species richness or plant abundance and foraging guilds were found.
BVSTEP indicated that foliage height diversity influenced the bird species composition
within the five vegetation classes in summer and autumn (summer: r = 0.688; autumn: r =
0.763). During winter and spring, tree height, tree distance, the coverage of native herbs
and the amount of litter showed the greatest influence to bird community patterns
(winter: r = 0.702; spring: r = 0.759).
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Table 5 . 14

Correlations (r) between the abundance of ground, foliage and aerial

foragers, and habitat variables (Spearman's rank correlation coefficients). Shaded boxes
indicate significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

Abundance
Aerial foragers

Abundance
Abundance
Ground foragers foliage foragers
r
0.9 1
0.82
-0.69
-0.66
0.82
-0.57
0.72
0.88
0.07
0.37
0.65

p

0
0
0.004
0.006
0
0.024
0.002
0
0.799
0. 166
0.008

r
0.85
0.87
-0.63
-0.76
0.78
-0.64
0.65
0.86
0. 1 6
0.4
0.77

p

0
0
0.01 1
0.001
0.001

O.ol

0.008
0
0.567
0. 139
0.001

r
0.89
0.86
-0.66
-0.78
0.88
-0.69
0.70
0.86
0.03
0.32
0.72

p

0
0
0.007
0
0
0.004
0.003
0
0.892
0.23 1
0.002

Table 5 . 1 5 Correlations (r) between the abundance of bark and nectar foragers and
habitat variables (Spearman 's rank correlation coefficients). Shaded boxes indicate
significant results (p<0.05).

HABITAT VARIABLE
Trees- average height
Trees- average distance
Bare ground rating
Weed rating
Native herb rating
Distance to nearest remnant
Clumping
Habitat complexity score
Species richness
Species abundance
Foliage height diversity

Abundance
nectar foragers

Abundance
bark foragers
r
0.8 1
0.70
-0.55
-0.82
0.67
-0.46
0.63
0.78
-0.01
0.27
0.54

p
0
0.004
0.033
0
0.006
0.08

O.ol

0.001
0.948
0.33 1
0.034

r
0. 14
0.40
-0. 1 8
-0.27
0.35
-0.53
0. 10
0.26
0. 1 6
0. 12
0.55

p
0.6 1 4
0. 1 34
0.5
0.322
0. 1 9 1
0.04
0.702
0.333
0.566
0.659
0.033
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Chapter six:
DISCUSSION
6.1 Bird communities of five farm habitats
Censusing the birds in grazed paddocks, different aged revegetation and remnant
vegetation, indicated that a variety of species occupy these habitats in the Shire of
Goomalling, Western Australia. The suite ofbirds recorded in this study corresponds to
that found in remnant bushland in the Gabby Quoi Quoi sub-catchment by Brooker et
al . (2001 ) and Gole (2002). However, comparisons between these two studies and the

present study indicate that this project only represents a subset of the bird species that
occur in the Goomalling shire.
While revegetation provides important habitat for a number of bird species, the present
study indicates that different aged revegetation provides habitat for different
assemblages of birds. There were significant differences in the abundance and species
richness of birds between the five vegetation classes. These findings coincide with
similar studies conducted in different aged revegetation and remnant vegetation (see
Biddiscombe 1 985; Ryan 1 993 cited in Ryan 2000; Barret & Davidson 2000). Of the 45
species recorded throughout the study, 31 were found in older revegetation (greater than
seven years in age) and 29 in remnant vegetation. This is a result similar to Barrett &
Davidson (2000) where six to ten year old sites, which contained the greatest number of
bird species, were compared to sites that were less than five years old, 11 to 20 years
old, 21 to 50 years old and greater than 50 years old. These results suggest that after
about seven years, revegetation provides habitat for many bird species.
Although older revegetation attracted more bird species than remnant vegetation, each
season the bird species richness of remnant sites was greater than that of revegetation
sites. Ryan (1 993 cited in Ryan 2000), Crome et al. (1994) and Majer et al. (2001) also
recorded fewer species in revegetation than remnants. It is likely that many of the
species recorded using revegetation in this study were not residents, but exploited the
resources available at different times ofthe year.
Like many areas of revegetation, the wide variety of flowering eucalypts attracted
various honeyeater species to the areas. Within early revegetation sites, eucalypts did
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not flower through the duration of this study. This may account for the absence of most
honeyeater species in these sites. The exception was the yellow-throated miner. This
species is believed to be one of the most common honeyeaters in the wheatbelt, having
increased in range and abundance as a result of agricultural development (Saunders &
Ingram 1 995). In contrast, diverse and abundant flowering in other classes of
revegetation attracted a variety of honeyeater species, including the brown honeyeater,
singing honeyeater, white-cheeked honeyeater, brown-headed honeyeater, spiny
cheeked honeyeater and yellow-throated miner. One-fifth of the bird species recorded in
revegetation was seasonal migrants or nomadic species. Only two seasonal migrants
were present in remnant vegetation. Many of the other species recorded in revegetation
are known to be capable of local movements, for example, the brown honeyeater is
known to wander widely while foraging (Storr 1 991 ). Biddiscombe (1985), Ryan (1 993
cited in Ryan 2000) and Crome et al. (1 994) also noted the presence of migratory and
locally nomadic species in revegetation. One-quarter of the native species recorded in
revegetation by Ryan (1 993 cited in Ryan 2000) were migratory birds. However, these
accounted for only 1 0% of all individuals recorded (Ryan 1 993 cited in Ryan 2000).
Compared with the agricultural paddocks that they have replaced, revegetation clearly
contributes to enhancing and sustaining the local avian biodiversity. Paddocks did
provide foraging sites for a limited number of species, most of which have increased
their distribution and abundances since the advent of agriculture. Food sources, such as
grains and weed seeds, and numerous stock watering points across the landscape have
enabled species such as the galah and crested pigeon to invade the wheatbelt from the
more arid interior (Saunders 1989). Although these two species were more abundant in
other vegetation classes, the banded plover, pied butcherbird and long-billed corella,
which also favour open habitats (Saunders 1 989), were more often recorded in paddock
sites.
The present study indicates that the small trees of early revegetation encourage bird
species similar to those found in paddocks. Biddiscombe (1 985) noted that during the
first three years from planting the Richard's pipit and white-fronted chat were the most
abundant species. These two species were also frequently recorded in this study and
were found to be more common in early revegetation sites than in the other vegetation
classes. Interestingly, three remnant-dependent species (Horsfield's bronze cuckoo,
striated pardalote and weebill) were also recorded utilising early revegetation. The
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ubiquitous Horsfield's bronze cuckoo, a breeding migrant in the Western Australian
wheatbelt (Saunders & Ingram 1995), was recorded on only one occasion. As this
species parasites the nests of remnant-dependent birds such as wrens, thombills and
robins (Brooker & Brooker 1989; Saunders & de Rebeira 1991), the cuckoo relies on
these species for its own survival. The weebill and striated pardalote, common in other
revegetation classes and remnant sites, were recorded only in site RVl a, the oldest of
the early revegetation. While plant age may explain their presence, other factors, such as
the connectivity of the site may be important.
From a conservation viewpoint, it is important to consider the species composition of
bird communities in addition to species numbers (Barrett et al. 1994). Analysis of
similarities showed that paddocks and early revegetation contained a similar
composition of bird species. Early revegetation held bird communities comparable to
those found in three to seven year old revegetation and the bird assemblages of three to
seven year old revegetation were also similar to those found in older revegetation
(greater than seven years in age). These results indicate that bird communities progress
as the age of the plantings increase. However, even after seven years, the communities
are still unlike those of remnant bushland. Biddiscombe (1985) suggested that young
trees were enough to stimulate the first invasions, but a crown cover of approximately
25% promoted increases in bird species richness and abundance. However, it will take
many years for revegetation to provide resources comparable to remnant vegetation,
such as established ground litter, dead wood, dense understorey, decorticating bark and
tree hollows. These resources attract a more diverse and abundant invertebrate fauna
(Abensberg-Traun et al. 1996), which in tum attract birds and other vertebrates (Recher
& Davis 1998; Newbey 1999).
SIMPER analysis identified the species responsible for the dissimilarity between older
revegetation and remnant sites. The chestnut-rumped thombill, grey butcherbird,
common bronzewing and black-faced woodswallow were absent from older
revegetation sites, but present in remnant vegetation. Other species, such as the white
browed babbler, rufous whistler, grey fantail and grey shrike-thrush, although found in
older revegetation, were diagnostic of remnant areas. This reflected their greater
abundance rather than their uniqueness to this habitat. Brown honeyeaters and white
winged wrens were not recorded in remnant vegetation. Interestingly, ' farm ' species
(status one species that have increased in range and/or abundance in the wheatbelt) such
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as the galah, Australian raven, crested pigeon, Port Lincoln parrot and Australian
magpie lark, all had greater mean abundances in remnant vegetation and Analysis of
Similarities revealed no significant difference between the communities of status one
species found in early revegetation and remnant sites. N. Taws (pers. com.) suggested
that the greater abundance of galahs in remnant vegetation indicates a preference for
this habitat over the other vegetation classes. Indeed, the galah is reliant on remnant
vegetation as it breeds in hollows of eucalypts (Rowley 1 990). Many status one birds
feed on farmland as well as in native vegetation and are ubiquitous (Arnold &
Weeldenburg (1998). As remnant vegetation provides a greater range of resources,
particularly shelter and nesting, it is not surprising that many of these species were
abundant in remnant sites.
The results show a significant difference between the vegetation classes in terms of the
communities of declining species (status three species), with an increase in the number
of status three species across the vegetation classes. Only comparisons between early
revegetation and three to seven year old revegetation displayed no significant
difference. That is, plants up to seven years in age are unable to attract a diverse
community of status three species. Although after seven years revegetation provides
habitat for a wider range ofdeclining species, these communities are not comparable to
the composition of declining species found in remnant vegetation. SIMPER analysis
indicated that, of the status three species, the chestnut-rumped thombill, white-browed
babbler, brown honeyeater, rufous whistler and yellow-rumped thombill accounted for
over 50% of the dissimilarity between the two vegetation classes. The chestnut-rumped
thombill alone was responsible for over 1 7 % of the dissimiarity. The occurrence of
chestnut-rumped thombills only in remnant vegetation indicates that this species is
unable to utilise farmland revegetation. Banding studies have shown that this species is
sedentary, with 95% of individuals retrapped at their original banding site, although the
birds can move along vegetation corridors such as road verges (Saunders & de Rebeira
1 991 ).
Newbey (1 999) divided the status three species into three categories- common,
midrange, and scarce. In this study, six 'common' status three species (brown
honeyeater, yellow-rumped thombill, western warbler, silvereye, weebill and striated
pardalote), four 'midrange' (rufous whistler, grey shrike-thrush, red-capped robin and
grey butcherbird) and two 'scarce' species (white-cheeked honeyeater and brown-
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headed honeyeater) were recorded. Newbey ( 1999) did not classify seven of the 'status
three ' species recorded in this study into one of the three categories. However, Saunders
& Ingram ( 1 995) have classed these species as 'common' , 'locally common' and
'uncommon' . For comparative purposes, these classes are considered to correspond to
Newbey's ( 1999) 'common', 'midrange ' and 'scarce ' categories. Hence, there are two
additional 'common' status three species (common bronzewing and nankeen kestrel),
one 'midrange' (white-browed babbler) and four 'scarce ' status three species (chestnut
rumped thombill, Horsfield 's bronze cuckoo, spiny-cheeked honeyeater and white
winged triller). Of the 'common' status three species, four were more abundant in
remnant vegetation, three in revegetation and one (nankeen kestrel) in paddocks. All
five of the 'midrange' status three species had greater abundances m remnant
vegetation. Three 'scarce ' status three species were more abundant m remnant
vegetation and three in revegetation. These results indicate that revegetation is a
valuable resource for declining species, including the vulnerable 'scarce' species.
Although it is likely that these species were not resident in planted sites, revegetation
provides important foraging habitats and thus enlarges the food resources available to
many birds in agricultural landscapes.
6. 1. 1 Colonisation sequence
The data collected on occurrence of bird species in three age classes of revegetation and
remnant bushland allow determination of a colonisation sequence (Fig. 6. 1 ). At early
revegetation sites, species characteristic of open areas, including the white-fronted chat,
corella and Richard's pipit, were recorded. Weebill and striated pardalote were also
recorded. As revegetation advanced, species with more specific requirements, such as
honeyeaters, became apparent. Shrub feeders, such as the brown-headed honeyeater,
rufous whistler and grey shrike-thrush, used vegetation greater than seven years in age
and remnant vegetation attracted a suite of species not recorded in any other vegetation
class such as the grey butcherbird and chestnut-rumped thombill. Superimposed on this
colonisation sequence were six species found across all the vegetation classes (galah,
crested pigeon, Port Lincoln parrot, weebill, striated pardalote and willie wagtail).
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Long-billed corella
Brown songlark
Richard's pipit
White-fronted chat
White-winged triller
Brown honeyeater
Yellow-throated miner
White-winged wren
Western warbler
Grey fantail
Magpie lark
Red-capped robin
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Fig. 6.1 Colonisation sequence of birds in revegetation in the Shire of Goomalling.
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The different suites of birds found as the age of plants progress reflects the physical
attributes of the vegetation and the resources the area provides (Loyn 1980). Similar
results were found in a study of the successional sequence of birds along a Eucalyptus
macrorhyncha-E. rossii regeneration gradient (Fisher 2001). At early regeneration sites,
'open area' species were frequently recorded and as regeneration advanced, more
specialised species became apparent. However, Fisher (2001) recorded a suite of species
that were found across all stages of woodland regeneration that do not correspond with
the species found in early revegetation, such as the grey fantail and various honeyeater
species. It is likely that the surrounding landuse is an important contributing factor.
Regeneration areas are largely surrounded by remnant vegetation, whereas, revegetation
is likely to be surrounded by agricultural land that is not as accessible to as many
species (Hobbs 1993).
6. 1. 2 Foraging guilds
Utilising foraging guilds of birds is a valuable way of examining the differences in the
bird communities of different habitats (Holmes & Recher 1986;). Comparisons of the
five vegetation classes revealed differences in the guild structure of the areas including
the lack of bark foragers in revegetation less than seven years in age. The abundance of
a particular foraging guild in an area is related to the abundance of foraging substrates,
which is directly linked to the vegetation (Gilmore 1985). There are distinct differences
in the vegetation structure of paddock, revegetation and remnant areas. Paddocks
contained no vegetation apart from ground herbage and revegetation up to seven years
in age contained trees and shrubs of a particular age (thus of similar height) along with
weeds. Regeneration of planted species was apparent in areas of older revegetation
(greater than seven years in age), giving these areas greater structural complexity.
However, these areas were lacking in the abundance of dead wood, leaf litter and
understorey shrub species common in remnant areas. Eucalypts in revegetation,
especially those greater than three years in age, provided important foraging substrates
for insectivores such as the weebill and yellow-rumped thombill, and provided nectar
for a range of honeyeater species. However, only in older revegetation and remnant
vegetation did eucalypts provide substrates for bark foragers.
By classifying the species into five guilds based on common foraging areas, the
majority of species fall into two broad groups- ground and foliage foragers.
Biddiscombe (1985), Ryan (1993 cited in Ryan 2000) and Crome et al. (1994) obtained
69

similar results, where these two guilds accounted for 7 1% of the species recorded at
revegetation sites (Ryan 2000). Like Recher & Davis (1 998, 2002), the most frequently
used substrates in this study were the ground and foliage. The openness of the habitats,
the absence of dense ground vegetation and lack of a continuous shrub layer can explain
the great proportion of ground foragers, especially in paddock and early revegetation
sites. Recher & Davis (1998) hypothesised that differences in habitat structure and
differences in the abundance or availability of litter and ground dwelling prey would
influence the bird foraging guilds. Indeed, large differences in habitat structure were
apparent between the five vegetation classes examined in this study and a well
developed litter layer was absent from all sites with the exception of remnant areas. It is
possible that the lack of ground litter also influenced the ground fauna and hence, the
avifauna. For example, the greater proportion of ground foragers in paddock and early
revegetation sites were granivores such as the galah. In addition, it has been shown that
arthropod abundance and species richness in eucalypt canopies is positively correlated
with nutrient levels in the soil (Recher et al. 1 996). Because revegetation is often
positioned in badly degraded areas of lower productivity (Hobbs 1993) the arthropod
communities of these areas may be affected.
6. 1.3

Temporal dynamics and microhabitat utilisation

No seasonal differences in the community composition, species richness or abundance
of birds were detected in this study. This is unlike other Australian studies of birds in
revegetation (see Biddiscombe 1985; Kimber et al. 1999; Ryan 1993 cited in Ryan
2000). Seasonal use of habitats has been shown for many species in the Western
Australian wheatbelt (see Saunders & Ingram 1 995) and, if individual species were
examined in this study, it is likely that differences would have been detected. For
example, the grey fantail, a nomadic species (Lynch & Saunders 199 1) was not
recorded during the summer. The only seasonal variations detected in this study were
found in the use of microhabitat categories.
At remnant and older revegetation, microhabitat use by species was evenly distributed
through the vegetation profile. At three to seven year old revegetation sites, this was
also the case during winter and spring. However, in summer/autumn, few species were
recorded using the lower third of the vegetation (not including the ground or ground
herbage) during the warmer months. Observations of individual birds were significantly
different across microhabitat categories throughout the year in all vegetation classes. At
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older revegetation and remnant sites, the use of microhabitats by individuals varied
seasonally, which may reflect changes in the availability of insect prey (Cale 1 994). At
three to seven year old revegetation, most observations throughout the year were of
ground foragers, such as the yellow-rumped thombill. At early revegetation sites a
wider variety of microhabitats were utilised in the latter half of this study
(summer/autumn), particularly the use ofthe tree stratum by foliage foragers such as the
weebill and striated pardalote. Fisher (2001 ) also reported seasonal changes in
microhabitat use by birds in different aged regeneration.
6.2 The influence of habitat on bird assemblages
Birds are closely related to the habitats in which they live, and habitat is one ofthe main
factors that determines the composition and abundance of bird communities (Recher
1 985). Rollick (1 996 cited in Newbey 1 999) showed that it is the vegetation structure
rather than the age of the trees that makes a significant difference to the number of bird
species using the vegetation. However this does not apply to all species at all times, for
example, many species need older trees for nests. In this study, foliage height diversity
influenced the composition of birds in summer and autumn, and tree height, tree
distance and the coverage of native herbs and ground litter influenced the birds in winter
and spring. However, bird species richness, abundance and diversity were correlated
with a number ofhabitat characteristics.
The best indication of the habitat quality of revegetation areas comes from the
characteristics ofthe species frequently recorded using revegetation (Ryan 2000). In this
study, these included ubiquitous species (willie wagtail, Richard's pipit), species typical
ofedge habitats (yellow-rumped thombill) and species that utilise a range ofnatural and
disturbed habitats and are capable of localised movements to exploit variable resources
such as fruit and nectar (silvereye, singing honeyeater, brown honeyeater). Other
species, while somewhat more specialised, are widespread and occur in a range of
natural and disturbed habitats (white-winged triller, white-fronted chat). Factors other
than habitat, such as competitors, predators and parasites, can influence the bird species
present.
6.3 Landscape and site attributes
Biddiscombe (1 985) suggested that bird species and numbers were affected by the
proximity of plantings to remnant vegetation. This study found significant negative
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correlations between bird species richness, abundance and diversity and the distance to
the nearest remnant fragment greater than ten hectares in area (ie isolation). Six species
recorded in this study were identified as negatively affected by isolation by Newbey
(1999). These species were the grey fantail, grey shrike-thrush, western warbler,
weebill, red-capped robin and rufous whistler. The presence ofthe grey shrike-thrush in
older revegetation site RV3b and the grey fantail in three to seven year old revegetation
site RV2b may have been due to the proximity of these sites to remnant vegetation.
Both of these sites were adjacent to large areas of remnant vegetation. RV3b was the
only revegetation sites where the grey shrike-thrush was recorded and RV2b was the
only site less than seven years in age where the grey fantail was recorded. In contrast,
the stubble quail, nankeen kestrel, Richard's pipit, white-fronted chat and willie wagtail
were shown to prefer isolated sites (Newbey 1 999). These species are characteristic in
farmland environments (Saunders & Ingram 1 995) and common in paddock and early
revegetation. Ryan (2000) also noted that this 'transient' fauna, common in revegetation
sites, appears to contradict the influence of isolation on revegetation sites within the
landscape.
Several studies have identified the distance particular species will travel across
unsuitable habitat. The maximum distance across open farmland travelled by the white
browed babbler was 400m (Cale 1 99 4). The rufous whistler can travel 450m and the
grey shrike-thrush 1 50m (Saunders & de Rebeira 1 991 ; Cale 1994). It is thought that
linear vegetation may increase landscape connectivity and increase local populations.
Indeed, many declining species are known to utilise corridors, such as road verges, for
movement and dispersal across the landscape, and as breeding habitat (see Newbey
1 999). However, Cale (2003) found that the social behaviour of white-browed babblers
residing in linear habitats was disrupted. Cale (2003) suggested that increased planting
of linear vegetation such as wildlife corridors and roadside vegetation may result in
local populations that are more 'linear', and the benefits gained by connecting habitat
patches could be lost due to increased emigration from these local populations.
6.4 Is revegetation helping the recovery of birds in agricultural areas?
Of the forty species recorded in revegetation, seven were regarded as 'priority' species
for the Gabby Quoi Quoi sub-catchment by Brooker et al. (2001 ). These species were
the white-winged wren, spiny-cheeked honeyeater, brown-headed honeyeater, red
capped robin, white-browed babbler, rufous whistler and the grey shrike-thrush. To be
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classed as 'priority' meant that, without any intervention, the particular species could be
lost from the area. If remnant vegetation fragments are unable to sustain viable
populations of a species, there is an increased probability of local extinctions, which in
turn increases the likelihood of extinctions on a larger scale (Recher 1 999). With the
exception of the white-browed babbler, the 'priority' species recorded in revegetated
sites in this study correspond to those found in revegetated and alley farming areas of a
revegetation project in Tammin, Western Australia (Gole 2002). Eleven 'remnant
dependent' species were also recorded in revegetation in this study. These species were
the Horsfield's bronze cuckoo, striated pardalote, weebill, western warbler, yellow
rumped thornbill, brown honeyeater, grey fantail, white-winged triller, black-faced
woodswallow, white-cheeked honeyeater and the silvereye. The occurrence of these
species in revegetation is encouraging as it suggests that revegetation can help conserve
some species of birds in landscapes managed for agriculture. Newbey (1 999) also
concluded that revegetation is succeeding in attracting native vegetation-dependent
species and that the value of revegetation is enhanced if remnant vegetation is
incorporated into the plantings either through corridors or by enlarging the pre-existing
area of native vegetation. Indeed, the value of small patches of remnant vegetation to
forest birds is retained when surrounded by regrowth forest rather than grazed paddocks
(Loyn 1 998).

During vegetation growth, the horizontal and vertical components of habitat structure
change at both temporal and spatial scales (Brown 1 991 ). The responses of bird species
to these changes are complex (Fisher 2001 ). It is likely that local populations would
exploit revegetation, as long as the habitat requirements of the species are met by
presenting frequent flowering and mixed structure (Biddiscombe 1985), and that the
area is within reach. Although the birds recorded in revegetation were unlike those of
remnant vegetation, the presence of birds in revegetation indicates that the productivity
and functionality is being restored to the area (Majer et al. 2001 ). It will take time for
some habitat resources to develop in revegetated areas, but when they do, the more
vulnerable specialised species should be able to utilise revegetion.
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Chapter seven:
CONCLUSIONS, RECOMMENDATIONS & FUTURE RESEARCH
Remnant vegetation is critical to the persistence of many Australian birds. However,
existing remnants are frequently too small, isolated or degraded, and, on their own,
cannot sustain woodland bird populations in agricultural areas (Hobbs 1 993; Saunders
& Ingram 1 995; Ryan 2000). Revegetation has been shown to provide habitat for a
number of species in the Shire of Goomalling, including many declining species. Some
bird species preferred or were restricted to remnant vegetation, where they may be
reliant on resources such as hollows, logs, dead branches or loose bark. However, a
suite of birds appeared to prefer the revegetation to remnants. A range of mature, dead
and regenerating vegetation is needed to provide different resources for birds.
It is important to understand how the native fauna responds to revegetation in order to
determine the benefits and disadvantages revegetation may incur. With the great amount
of revegetation activity taking place across Australia, this type of research is essential.
Many revegetation activities are based largely on unresearched principles, in regard to
conservation as opposed to addressing land and water degradation, when considering
the size, placement and floristic diversity of the planting (Majer 2002). Land and water
degradation is an important issue, and one that needs immediate attention, but
biodiversity conservation is equally important. Both issues can be addressed
simultaneously through revegetation, but too often the usefulness of revegetation to the
native wildlife is a secondary consideration (Hobbs 1 993; Kimber et al. 1 999; Ryan
2000).
The results from this project have clear implications for future revegetation. It is
important for revegetation to attract species and provide habitat for declining species.
The inclusion ofdead wood, such as logs, would enhance the utility ofrevegetation to a
number of species, as would the inclusion of a ground vegetation layer. Thus, it is
important to keep revegetated areas free from livestock. Nest boxes would be a valuable
resource to a variety of hollow-dependent species. Hollow-bearing trees are becoming
scarce as old trees fall down or are destroyed and it will take many decades before these
hollows can be replaced (Barrett 1 997). For this reason, it is important for revegetation
strategies to specifically address this issue. In order to maximise the usefulness of
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revegetation to remnant-dependent species, revegetation should be designed and placed
to enhance the value of remnant vegetation and encourage dispersal. If revegetation is to
succeed, the populations in remnant fragments must be conserved, as these are the
'source' of colonisers (Luck 2002). Prior to clearing, the Western Australian wheatbelt
was characterised by the heterogeneity ofthe vegetation. It is important to consider this
'patchiness' in revegetation programs (Lambeck & Saunders 1 993).
This study indicates the use of revegetation by a range of bird species. While
encouraging, the results should be interpreted with caution, as birds are highly mobile
species that are likely to benefit from revegetation activities. The issues of isolation and
connectivity will be more severe for less mobile fauna (Ryan 2000). Many more
Australian studies are needed on the recovery of fauna through revegetation to
determine how the wildlife responds to revegetation. It is important to discover whether
revegetation allows the redevelopment ofa functional ecosystem. For example, do these
areas attract decomposers, herbivores and predators and sustain ecosystem processes
(Hobbs 1 993)? As communities change between years (Recher 1 988), this study has
provided only a brief view into the use of revegetation by the avifauna in the Shire of
Goomalling. Long-term studies are necessary to monitor the success of revegetation at
attracting species.
In addition, it is important to identify the species most at risk of local extinctions and
the unique characteristics of the species targeted for management. This would ensure
their needs are met and that possible detrimental effects of revegetation, such as the
influence of linearity on social behaviour (Cale 2003), are adequately addressed.
Effective wildlife conservation must be based on sound ecological knowledge (Bennett
1 995).
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APPENDIX 1
An example of a data sheet for assessment of habitat complexity score, modified by
Freudenberger ( 1 999, 200 1 ) from one described by Catling and Burt ( 1 995 ) .

Score 0

Score 1

Score 2

Score 3

0- 1 0%

1 0-20%

20-50%

>50%

cover

cover

cover

cover

X

Tall shrub cover
(2-4m)
Short shrub cover
(0.5-2m)

1
1

X
0- 1 0%

1 0-40%

40-70%

>70%

cover

cover

cover

cover

1

X

Ground herbage
Litter

2

X

Tree canopy

Logs/rocks

Total

0

X
X

2

Habitat Complexity Score = 7
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APPEND1X 2
Birds recorded in grazed paddocks, early revegetation (less than three years old),
revegetation aged between three and seven years, older revegetation (greater than seven
years old) and remnant vegetation in the Shire ofGoomalling during winter 2002,
spring 2002, summer 2003 and autumn 2003.

Common name (status)

I

fl

t

Australian magpie ( 1 )
Australian magpie lark ( 1 )
Australian raven (1 )
Banded plover (2)
Black-faced cuckoo-shrike (2)
Black-faced woodswallow ( 1 )
Black-shouldered kite ( 1 )
Brown honeyeater (3)
Brown song lark (2)
Brown-headed honeyeater (3)
Chestnut-rumped thornbill (3)
Common bronzewing (3)
Crested pigeon ( 1 )
Elegant parrot ( 1 )
Galah ( 1 )
Grey butcherbird (3)
Grey fantail (2)
Grey shrike-thrush (3)
Horsfield's bronze cuckoo (3)
Long-billed corella ( 1 )
Mountain duck ( 1 )
Mulga parrot (1 )
Nankeen kestrel (3)
Pallid cuckoo (2)
Pied butcherbird ( 1 )
Port Lincoln parrot (1 )
Red-capped robin (3)
Richard's pipit (1 )
Rufous whistler (3)
Silvereye (3)
Singing honeyeater (1 )
Spiny-cheeked honeyeater (3)
Striated pardalote (3)
Stubble quail ( 1 )
Wedge-tailed eagle (2)
Weebill (3)
Western warbler (3)
White-browed babbler (3)
White-cheeked honeyeater (3)
White-fronted chat (1 )
White-winged triller (3)
White-winged wren (2)
Willie wagtail ( 1 )
Yellow-rumped thornbill (3)
Yellow-throated miner ( 1 )

Present early revegetation (<3 years old)
Present paddock
RV1 c
RV1 b
P2
P3
RV1 a
P1
W Sp Su A W Sp Su A W Sp Su A W Sp Su A W Sp Su A W Sp Su A
X
X

X

X
X

X

X
X

X

X

X

X
X

X

X

X

X

X
X

X

X

X
X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X
X

X

X

X
X
X

X

X
X

X

X

X

X

X

X

X

X

X

X
X
X

X

X
X

X

X

X

X
X

X

X

X

X

X

X

X

X

X
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APPENDIX 2 (cont)
Birds recorded in grazed paddocks, early revegetation (less than three years old),
revegetation aged between three and seven years, older revegetation (greater than seven
years old) and remnant vegetation in the Shire of Goomalling during winter 2002,
spring 2002, summer 2003 and autumn 2003.

Common name (status)

I

'
i

l

11'
ti

Present older revegetation (>7 years old)
Present revegetation aged between 3 & 7
years old
RV3c
RV3b
RV3a
RV2c
RV2b
RV2a
W Sp Su A W Sp Su A W Sp Su A W Sp Su A W Sp Su A W Sp Su A

Australian magpie ( 1 )
Australian magpie lark ( 1 )
Australian raven ( 1 )
Banded plover (2)
Black-faced cuckoo-shrike (2)
Black-faced woodswallow (1 )
Black-shouldered kite (1 )
Brown honeyeater (3)
Brown song lark (2)
Brown-headed honeyeater (3)
Chestnut-rumped thornbill (3)
Common bronzewing (3)
Crested pigeon (1 )
Elegant parrot (1 )
Galah (1 )
Grey butcherbird (3)
Grey fantail (2)
Grey shrike-thrush (3)
Horsfield's bronze cuckoo (3)
Long-billed corella (1 )
Mountain d uck (1 )
Mulga parrot (1 )
Nankeen kestrel (3)
Pallid cuckoo (2)
Pied butcherbird (1 )
Port Lincoln parrot ( 1 )
Red-capped robin (3)
Richard's pipit (1 )
Rufous whistler (3)
Silvereye (3)
Singing honeyeater ( 1 )
Spiny-cheeked honeyeater (3)
Striated pardalote (3)
Stubble quail (1 )
Wedge-tailed eagle (2)
Weebill (3)
Western warbler (3)
White-browed babbler (3)
White-cheeked honeyeater (3)
White-fronted chat (1 )
White-winged triller (3)
White-winged wren (2)
Willie wagtail ( 1 )
Yellow-rumped thornbill (3)
Yellow-throated miner (1 )

X
X

X

X

X

X

X

X

X

X

X
X
X

X
X

X

X

X

X

X

X

X
X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X
X

X

X

X

X

X
X

X
X

X

X

X

X

X

X
X
X
X
X

X
X

X

X

X

X
X

X

X
X

X

X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X
X

X
X
X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X
X

X

X

X

X

X

X

X
X
X

X
X

X
X

X

X

X

X
X

X

X

X

X

X

X

X

X
X
X

X
X
X

X
X
X

X

X
X

X
X
X

X
X
X

X
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X
X
X

X

X
X

X

X
X

X
X

X

X

X
X

X

X
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APPENDIX 2 (cont)
Birds recorded in grazed paddocks, early revegetation (less than three years old),
revegetation aged between three and seven years, older revegetation (greater than seven
years old) and remnant vegetation in the Shire of Goomalling during winter 2002,
spring 2002, summer 2003 and autumn 2003.

Present remnant vegetation
Common name (status)

'
�

It

i

!

i

!'

'!

Australian magpie (1 )
Australian magpie lark (1 )
Australian raven (1 )
Banded plover (2)
Black-faced cuckoo-shrike (2)
Black-faced woodswallow ( 1 )
Black-shouldered kite ( 1 )
Brown honeyeater (3)
Brown song lark (2)
Brown-headed honeyeater (3)
Chestnut-rumped thombill (3)
Common bronzewing (3)
Crested pigeon (1 )
Elegant parrot (1 )
Galah (1 )
Grey butcherbird (3)
Grey fantail (2)
Grey shrike-thrush (3)
Horsfield's bronze cuckoo (3)
Long-billed corella ( 1 )
Mountain duck (1 )
Mulga parrot (1 )
Nankeen kestrel (3)
Pallid cuckoo (2)
Pied butcherbird ( 1 )
Port Lincoln parrot (1 )
Red-capped robin (3)
Richard's pipit ( 1 )
Rufous whistler (3)
Silvereye (3)
Singing honeyeater (1 )
Spiny-cheeked honeyeater (3)
Striated pardalote (3)
Stubble quail (1 )
Wedge-tailed eagle (2)
Weebill (3)
Western warbler (3)
White-brewed babbler (3)
White-cheeked honeyeater (3)
White-fronted chat (1 )
White-winged triller (3)
White-winged wren (2)
Willie wagtail (1 )
Yellow-rumped thornbill (3)
Yellow-throated miner (1 )

RM1

w
X

Sp

X

X

X

Su

X

A

RM2

w

Sp Su

X

X

X

X

X

X

X
X

X

X

X

X
X
X

X
X
X
X
X

X
X
X

X
X

X

X
X

X

X

X

X
X
X

X
X

X

X

X

X
X

A

X

X
X

X

X
X
X

X
X

X

X
X

X

X

X
X

X
X

X

X

X
X
X
X

X

X

X

X

X
X

X
X

X

X
X

X
X

X
X
X

X
X

X
X
X

X

X

X

X

X

X

X

X
X
X

X

X

X

X

X
X
X

X

X
X

X

X

X
X
X
X

X

X

X
X
X

X

X
X
X
X

X

X

X

X
X
X

X

X

X

X

X
X

Su

X

X

X

Sp

X
X

X

X

X
X

RM3

w

X

X

X

A

X

X

X

X
X
X

X

X

X

X

X
X

X
X

X
X

X

X
X

X

X
X
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APPENDIX 3
Latin species names for birds recorded in five vegetation classes in the Shire of
Goomalling between winter 2002 and autumn 2003 (based on Saunders & Ingram
1995).
Common name

Species name

Australian magpie

Gymnorhina tibicen

Australian magpie lark

Grallina cyanoleuca

Australian raven

Corvus coronoides

Banded plover

Vanellus tricolor

Black-faced cuckoo shrike

Coracina novaehollandiae

Black-faced woodswallow

Artamus cinereus

Black-shouldered kite

Elanus notatus

Brown-headed honeyeater

Melithreptus brevirostris

Brown honeyeater

Lichmera indistincta

Brown song lark

Cinclorhamphus cruralis

Chestnut-rumped thombill

Acanthiza uropygialis

Common bronzewing

Phaps chalcoptera

Crested pigeon

Ocyphaps lophotes

Elegant parrot

Neophema elegans

Galah

Cacatua roseicapilla

Grey butcherbird

Cracticus torquatus

Grey fantail

Rhipidura fuliginosa

Grey shrike thrush

Colluricincla harmonica

Horsfield's bronze cuckoo

Ch rysococcyx basalis

Long-billed corella

Cacatua tenuirostris

Mountain duck

Tadorna tadornoides

Mulga parrot

Psephotus varius

Nankeen kestrel

Falco cenchroides

Pallid cuckoo

Cuc/us pallidus

Pied butcherbird

Cracticus nigrogularis

Port Lincoln parrot

Barnardius zonarius

Red-capped robin

Petroica goodenovii

Richard's pipit

Anthus novaeseelandiae

Rufous whistler

Pachcephala rufiventris
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Silvereye

Zosterops lateralis

Singing honeyeater

Lichenostomus virescens

Spiny-cheeked honeyeater

Acanthagenys rufogularis

Striated padalote

Pardalotus striatus

Stubble quail

Coturnix pectoralis

Wedge-tailed eagle

Aquila audax

Weebill

Smicrornis brevirostris

Western warbler

Gerygone fusca

White-browed babbler

Pomatostomus superciliosus

White-cheeked honeyeater

Phylidonyris nigra

White-fronted chat

Ephthianura albifrons

White-winged triller

La/age sueurii

White-winged wren

Malurus leucopterus

Willie wagtail

Rhipidura leucoph rys

Yellow-rumped thornbill

Acanthiza ch rysorrhoa

Yellow-throated miner

Manorina flavigula
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